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Introduction 

Increasing requirements for oceanographic information from the 
Strait of Georgia and Juan de Fuca Strait for environment-oriented studies 
made it desirable to increase the accessibility of the great store of data 
already available. This bibliography of physical oceanographic information 
is the first of two volumes produced with this requirement in mind. The 
companion volume will be concerned with the biological oceanographic 
information of the same region. 

Organization and Use of the Bibliography 

The longest organized eine of oceanographic data is the system of 
shore stations along the coast, usually established at lighthouses, which 
have been collecting data since 1914 in one location and since 1936 in 
several others within the study area. A list of these stations and their 
period of observation is presented with a chart of their locations. 

A graphic presentation of the cross-seasonal coverage of survey 
data in the Strait of Georgia and Juan de Fuca Strait has been produced. 
Track charts from these surveys, keyed to the bibliography, are included as 
a series of figures in the back of the manuscript. 

Composite stations, constructed at two locations in the Strait of 
Georgia, are shown on the study area chart. The locations were chosen Toe 
the many samples taken in close proximity which could reasonably be considered 
as one station for accumulating time series data. These regions are near the 
shore stations at Entrance Island and Cape Mudge which have been collecting 
daily sea surface observations since June 1936 and January 1937 respectively. 
Stations collected from a number of data reports, in this fashion, can be used 
to show the seasonal and annual variation of physical oceanographic 


parameters. A graphic presentation of the cross-seasonal coverage of composite 


station data is included. 
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Inside Waters of the Southern British Columbia Coast - Station Locations 
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LIST OF SHORE STATIONS, LOCATIONS, AND PERIODS OF OBSERVATION. 


STATION LOCATION PERIOD OF OBSERVATION KEY NO. 
bat. Ny Lond. We 


2 NS ee eee ee eee rear ere ee oe ee, 


Sheringham Point 48 15' 123 55! May 1968 to present 14 
Race Rocks 43.18" \ Bhess 2 May 1941 to present 13 
William Head 48 20" . losses January 1921 to June 1940 ie 
Beaver Point 48 46' 123 22! November 1953 to December 1957 10 
East Point 48 47" 126 03k July 1953 to February 1968 11 
Active Pass aS 52° N23 | ie February 1967 to present 9 
Ladysmith Harbour 49 00' 123 49' July 1936 to June 1942; 7 
August 1949 to March 1957 
Porlier Pass M9 01° 123° 35e February 1967 to February 1972 8 
Departure Bay AO 13h gta OF) October 1914 to July 1932; 6 
June 1934 to present 
Entrance Island 49 132ab2s 48 June 1936 to present 2 
Chrome Island 49 28' 124 41' April 1961 to present 4 
Sisters Island AS 20 124 26' May 1968 to present 5 
Texada Island 49 42' 124 33' May 1953 to October 1956 3 
Cape Mudge 50 00' 127 09' January 1937 to present 1 


Pacific Oceanographic Group. 1947 - 1951. Observations of Seawater Temperature 
Salinity, and Density on the Pacific Coast of Canada. Vol. I, 1914 - 
1934 to Vol. X, 1950. FRB Canada Ms. Nanaimo, B.C. 


1952 - 1957. Observations of Seawater Temperature and Salinity on the 
Pacific Coast of Canada. Vol. XI, 1951 to’ Vol. XVI, 1956. FRB Canada 
Ms. Nanaimo, B.C. 


1958 - 1959. Observations of Seawater Temperature and Salinity on the 
Pacificwloasi of Cariada.. Viol... XVI1,.195/.,gand Vol... XVII], 1958. FRB 
Canada Ms. Rept. OL no. 23 and 48. 


Canadian Oceanographic Data Centre. 1968. Observations of Seawater Temperature 
and Salinity on the Pacific Coast of Canada, 1966. 1968 Data Record 
Series, No. 8. Dent. Energy, Mines and Resources, Ottawa. Cat. no. - 
M58-1/1968-8. 
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Hollister,H.J. 1960 - 1963. Observations of Seawater Temperature and Salinity 
on the Pacific Coast of Canada. Vol. XIX, 1959 to Vol. XXII, 1962. 
FRB Canada Ms. Rept. OL 67, 104, 131, 161. 


1965. Graphs of Seawater Temperature and Salinity Observations at 
British Columbia Coast Stations, 1964. FRB Canada Ms. Rept. OL 195. 


1966a. Seawater Temperature and Salinity Observations at British 
Columbia Coastal Stations in 1965. FRB Canada Ms. Rept. OL 215. 


1966b. Observations of Seawater Temperature and Salinity at British 
Columbia Coastal Stations in 1964 and 1965. FRB Canada Ms. Rept. OL 
226. 


1967. Sea Surface Temperature and Salinity at Shore Stations along 
the British Columbia Coast During 1965. FRB Canada Tech. Rept. 32. 


1968. Sea Surface Temperature and Salinity at Shore Stations along 
the British Columbia Coast During 1966. FRB Canada Tech. Rept. 82. 


1971. Observations of Seawater Temperature and Salinity at British 
Columbia Shore Stations, 1967, 1968, 1969, 1970. FRB Canada Ms. Rept. 
ios, 1144, L154, Tiso. 


1972. Observations of Seawater Temperature and Salinity at British 
Columbia Shore Stations, 1971. Pacific Marine Science Report 72-14. 
Environment Canada, Marine Sciences Directorate, Victoria, B.C. 


Hollister,H.J., and A.M.Sandnes. 1972. Sea Surface Temperatures and Salinities 
at Shore Stations on the British Columbia Coast, 1914 - 1970. 
Pacific Marine Science Report 72-13. Environment Canada, Marine 
Sciences Directorate, Victoria, B.C. 


Cross-seasonal Coverage of Survey Data _ in the Strait of Georgia 
NB. Extent of Block Indicative of Cruise Dates Only, NOT Volume of Data. 


1959 


1960 


a7 


Cross-seasonal Coverage of Survey Data in Juan de Fuca Strait 
NB. Extent of Block Indicative of Cruise Dates Only, NOT Volume of Data. 


Sources of Composite Station Data 
Entrance Island 


Pacific Oceanographic Group. 1953. Physical and Chemical Data Record, Strait 
of Georgia, 1930, 1931, 1932. FRB Canada Ms. Nanaimo, B.C. - STN.1, 
STN.A. 


1954. Physical and Chemical Data Record, Strait of Georgia, 1949 - 
1953. FRB Canada Ms. Nanaimo, B.C. STN. 38 and others. 


Fulton,J.D., 0.D.Kennedy, K.Stephens and J.Skelding. 1967. Data Record; Phys- 
ical, Chemical and Biological Data, Strait of Georgia, 1966. FRB 
Canada Ms. Rept. no. 915. SIN. 1. 


1968. Data Record; Physical, Chemical and Biological Data, Strait of 
Georgia, 1967, FRB Canada Ms. Rept. no. 968. SIN. 1. 


Fulton.J.D., 0.D.Kennedy, J.Skelding and K.Stephens. 1969. Physical, Chemical 
and Biological Data, Strait of Georgia, 1968. FRB Canada Ms. Rept. 
no. LU49ewonNe Ls 


Crean,P.B., and A.Ages. 1971. Oceanographic Records from Twelve Cruises in the 
Strait of Georgia and Juan de Fuca Strait. Dept. Energy, Mines and 
Resources, Marine Sciences Branch, Victoria, B.C. STNS. 26 & 27. 


Institute of Oceanography, University of British Columbia. 1968. Data Report 
no. 27, British Columbia Inlet Cruises, 1967. SIN. GEO I. 


1969. Data Report no. 28, British Columbia Inlet Cruises, 1968. STN. 
GEE. 


1970. Data Report no. 30, British Columbia Inlets and Pacific Cruises, 
1969. SIN. GEO I. 


Cape Mudge 


Pacific Oceanographic Group. 1953. Physical and Chemical Data Record, Strait 
of Georgia, 1930, 1931, 1932. FRB Canada Ms. Nanaimo, B.C. STN.O. 


1954. Physical and Chemical Data Record, Strait of Georgia, 1949 - 
1953. FRB Canada Ms. Nanaimo, B.C. STN. 60 and others. 


Fulton,J.D., 0.D.Kennedy, K.Stephens and J.Skelding. 1967. Data Record; Phys- 
jcal, Chemical and Biological Data, Strait of Georgia, 1966. FRB 
Canada Ms. Rept. no. 915. STN. 3. 


1968. Data Record; Physical, Chemical and Biological Data, Strait of 
Georgia, 1967. FRB Canada Ms. Rept. no. 968. SIN. Bee 


Bishop,S.0., J.D.Fulton, 0.D.Kennedy and K.Stephens. 1966. Data Record; Phys- 
ical, Chemical and Biological Data, Strait of Georgia, 1965. FRB 
Canada Ms. Rept. OL no. 211, STN. 4. 


Crean,P.B., and A.Ages. 1971. Oceanographic Records from Twelve Cruises in the 
Strait of Georgia and Juan de Fuca Strait. Dept. Energy, Mines and 
Resources, Marine Sciences Branch, Victoria, B.C. STN. 17, 


Daily sea Surface temperature and salinity are also available in the vicinity 
of these long term composite stations. Precise locations and periods of obser- 
vation for the Cape Mudge and Entrance Island stations are listed in the table 


of shore stations. 


YEAR 
1930 


1968 


1969 


1970 
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JAN., FEB., MAR., APR., MAY , JUN. , JUL. AUG. , SEP. ,OCT. ,NOV. ,DEC. 
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COMPOSITE CROSS-SEASONAL DATA - OFF ENTRANCE ISLAND, STRAIT OF GEORGIA 


Daily sea surface temperatures and salinities are available from June 1936 
to the present from the Entrance Island shore station. 


1966 |__| _}- __- 1,111 — 
1967 po i tf tf ft 


1968 TL a Le a Lk a a a a a a 


COMPOSITE CROSS-SEASONAL DATA - OFF CAPE MUDGE, STRAIT OF GEORGIA 


a 


Daily sea surface temperatures and salinities are available from January 1937 
to the present from the Cape Mudge shore station. 
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I All Lines October 2 to 13, 1951 
ESQ. HBR. All Stations October 16 - 19, 1951 
Oct™.31. = Nov. F951 

II All Lines November 5 - 17, 1951 
ESO. SHBR . All Stations November 20 - 23, 1951 


All Lines Feb. 28 + March 8, 1952 


Current Measurement Line 3 Marchi - 21, 1952 


All Lines except 9 & 10 April 16 - 25, 1952 

ESQ. HBR. All Stations April 29 - May 2, 1952 

VI 6,.7 He, 9,° 10 May 6 - 8, 1952 

VII All Lines except 9 June 3 - 13, 1952 
ESO. HBR. Stations 1 - 6 inclusive June 19, 1952 

VIII Current Measurement Line 3 UMiye 2o= 97, 1952 

IX All Lines except 2 & 3 July 10 - 17, 1952 
E50 bh. Stations 1 - 9 inclusive July 14, 1952 

X All Lines except 3 August 13 - 20, 1952 

XI All Lines Sept. 23 =<#0et... 2,-1952 
ESQ, HBR. All Stations except 17 October 7 - 8, 1952 


XII Current Measurement Line 3 October 15.- 23, 1952 
Fiige 18 


Pacific Oceanographic Group. 1955. Physical and Chemical Data Record, Juan de 
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Crean,P.B., and A.B.Ages. 1968. Oceanographic Records from Twelve Cruises in the 
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Fulton,J.D., 0.D.Kennedy, H.Seki and K.Stephens. 1969. Biological, 
Chemical and Physical Observations in Saanich Inlet, Van- 
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1971. Data Report 


32, B.C. Inlets and Pacific Cruises, 1970. 


Institute of Oceanography, University of British Columbia. 
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Monitoring Program Annual Report, 1971 - 1972. University of Victoria, 


Balch, N., E.Marles, D.Ellis, and J.Littlepage. 1972. Macaulay Point Outfall 
Department of Biology, Victoria, B.C. 


YEAR 
1970 


1971 


1972 


3 


MACAULAY POINT. 


l JAN. | FEB. | MAR. | APR. | MAY l JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC. | 
9 - surface samples 


+ - surface and 50 metre casts in several locations 
uN - 50 metre casts at all stations 


The Macaulay Point Outfall Monitoring Program was undertaken by 
members of the University of Victoria Biology Department for the 
Capital Regional District off the Victoria and Esquimalt water- 
front to monitor the effects of an extended domestic sewage out- 
fall. This special interest study obtained a considerable data 
fund of physical oceanographic information at close intervals 
extending over a three year period. See figure 59 for a chart of 
station locations. 


Ellis,D.V., J.L.Littlepage and R.W.Drinnan. 1971. The Macaulay Point Outfall 


Monitoring Program Annual Report, 1970-1971. University of Victoria 
Department of Biology, Victoria, B.C. 


Balch,N., E.Marles, D.V.Ellis and J.L.Littlepage. 1972. Macaulay Point Outfall 


Fig. 60 


Monitoring Program Annual Report, 1971-1972. University of Victoria, 
Department of Biology, Victoria, B.C. 
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INTRODUCTION 


This bibliography of biological oceanography in the Strait of Georgia 
- Juan de Fuca system was produced as a companion volume to a bibliography of 
physical oceanography for the same region. This study is primarily concerned 
with environmental biology since the two volumes were designed to increase 
accessibility of information for environment-oriented studies. 

The biological literature for this region is extensive and diffuse. 
Searching the many international journals where publications could appear 
would be a monumental task. In this case the problem has been reduced by mak- 
ing heavy use of the publication lists of those agencies concerned with marine 
biology in the area. Publications originating with government agencies and 
those universities with collected publication lists are therefore probably 
effectively recorded. Another difficulty arises from this method in determin- 
ing the geographical area from the title of the paper. This approach has ob- 
viously omitted many citations but has provided a good starting point in the 
literature for future investigation. 

The bibliography has been divided into two sections, one concerned 
with marine biology in general and the other with fisheries biology. The fish- 
eries section, indicated by an "'F" following the page number of an indexed ci- 
tation, includes papers about tagging, catch statistics and related topics of 


fisheries management interest. 
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Eulachon (Thaleichthys pacificus), 
pe 
Euphausiaceae, 1, 5, 20, 24 
Euphausia pacifica, 20 


a 


Faunistiec survey, 745 9786,,.8), 95 
10, 33 
Fish (for common commercial spe- 
cies-see specific references, 
e.g. Herring, Salmon) 
Agonid, 2 
Blennoid, 2 
groundfish life history, 8 
PAV AMG cig ke & 
mortality. 5, 65° 7 
Pacific cod ecology, 12 
Pleuronectid feeding, 15 
Puget Sound list, 13 
Rockfish key, 24 
species records, 6, 22 
Fiagellate, 3 
Fhounders, 12:, 13, 1554378 
Foraminifera, 6, 22 
Fraser Rivers L¥,©12,0 1347181124 
Friday Harbour 
Echinoderms, 5 
Myxophyceae, 12 
biological collection, 16 
Fucus, 9 


2 


Gadus macrocephalus. See Cod, 
Pacific 
Georgia Strait 
Coho salmon, 45F 
copepods, 17 
data, records. FRB,/ 9 
fishery yield, 37F 
flounders, 12 
Foraminifera, 6 
phytoplankton, 1); 12,199 3 
trawl fishery, 34F 
Gonyaulax acetenella, 19 
Gonyaulax tamarensis, 19 


STV 


Grilse (Salmon) 
in herring landings, 39F 
Groundfisn, Oy ee l2, 14, IS, Jor 
S4F, 36F, MOF, 41F, 435F, 446, 
45F 


a 


Haliotis kamtschatkana, 20 

Hedophyllum, 27 

Heliozoa, 16, 25 

Hermissenda crassicornis, 16 

Herrange ase LO, 2 RS ites, 
TH #26 NSSF, BOF, 37k seadbs 
39R, .41F ,M2F, .43F 3 438 

Heteropora, 26 

Hippoglossoides elassodon, 15 

Hippolytidae, 16 

Hydractinia, 8 

Hydroids, 8 

Hydromedusae, 8 
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Indian Arm 
ostracods, 14 
Insects 
marine, 21 
Thtertidal biology. Whi2set27 
bivalves, 20 
algae, 27 
Invertebrates 
shore, 5 
Puget Sound, 10 
distribution," 18 
mortality, 19 
Isopoda, 8, 15 


ul 


Juan de Fuca Strait 
Foraminifera, 6 
new species of Paralepis, 12 
algal communities, 13 
Macrocystis distribution, 20 
macrobenthos, 26 
Heteropora, 26 
pollution, 26 
intertidal ecology, 27 
Coho salmon tagging, 38F 


Kk 


Kedp.47.10, 11, 14, 20;e21lgladevacr, 
41F 
animals on, l 


Le 


Ladysmith Harbour 

Japanese oysters, 1 
Laminaria, 7 

L... Jongipesi,«14 

Le, Sanclaurisgg ls 
Limnoria lignorum, 12 
Lingood 27), got SF 


M 


Macaulay Point 
Outfali. 2, 
Macrocystis pyrifera, 20 
Malacological investigation, 15 
Mariculture, 32F 
Medusae, 9 
Melibe leonia, 10 
Micronereis nanaimoensis, 4 
Microstomus pacificus, 45F 
Mais 10-22 
bibliography, 4 
distribution, 7 
nudibranchiate, 16 
wood boring, 2 
Monobrachium parasitum, 8 
Mussel, 26, 43F 
Mysidacea, 1, 24 
Mytilus edulis (Mussel), 26 
Myxophyceae, 12 


2» 


Nanaimo 
faunal comparison, 8 
juvenile salmon, 23 
ophiurans, 3 
pollution, 26 
polychaetessos «4 
Nanoose Harbour 
fish tki lLlyn/ 
Fish. Res. Bd. Can. data record, 
11 
Neah Bay, intertidal zonation, 21 
Nereis rexillosa, 12 
Nereocystis leutkeana, 11, 22 


North..Paci fic. (Bastern ) 
animal .dustribution ,...1 
Desmarestia, 18 
nudibranchs, 16 


O 

Odontosyllis phosphorea, 4 

Oligochaeta, l 

Oncorhynchus gorbuscha. See Salmon, 
RT eee i ae 

Oncorhynchus keta. See Salmon, 
Chum 

Oncorhynchus kisutch. See Salmon, 
Coho 

Oncorhynchus nerka. See Salmon, 
Sockeye 


Oncorhynchus tshawytscha. See 
Salmon, Chinook 
Ophiodon elongatus. See Lingcod 
Ophadroidea , 3, 15 
Osmeridae, 10, 36F 
Ostracoea, toy 145.25 
Ostrea lurida (native oyster), 23, 
41F 
Outfall 
Macaulay Point, 1, 7 
Fannerty Cove,../ 
Oyster «(Cras s0Sstteascigas)), si. 15, 
LO pra AeOer ss door; RAUls ALP 


ui 


Pagurus, 10 

Pallasina Darbata aix, 2 

Paphia bifurcata, 19 

Paphia (Venerupis) pullastra,. 19 

Paphia staminea (little neck clam), 
8 

Paralepis coruscans, 12 

Paralithodes, 14 

Patinopecten caurinus, 11 

Phaeostrophion irregulare, 14 

Phoronidae, 19 

Phytoplankton, 1, 6, AD dls, IZ, 
13. 15, eae 24 

Pilchard, 35F, 36F,; 68F, 408 

Platichthys stellatus, 15 

Plectobranchus evides, 2 

Polinices lewisi, 4 


———_———— 


Pollution, 8, 18, 26 


Polychaeta,od4,. 25.3, 4,,7,.10;.11, 
lan it. 125, 22a 
Polyzoa, 16 
Primary production (photosynthe- 
S15 \y aeree eae Ts, 125 
Psettichthys melanosticus, 15 
Pterygophora californica, 9 
Puget Sound 
algae’. 7 
Cirripedia, 11 
Cumacea, 13 
desmids, 1 
diatoms, 10 
echinoderms, 6 
fishy 1s 
macrobenthcs, 26 
poly chaetes** 15.24842 
pycnogonids, 7 
Pycnogonids, 7, 9 


iS 


"Red? fade 9 19 
Rhizopoda, 25 
ROCK£ish, 12, 25 
Rotatorira, 26 


S 


Saanich Inlet 
echo scattering -layer 2 
Fishes kes bd! ‘Cans ‘data report, 
9,823 
tarvalctish ,2 
sediments, 10 
saccociirus, 10 
Salmon 
in herring’ catch> slice 
Ife NT SEO cereeko 
mi gration. 65, USSF 
Pink (Oncorhynchus gorbuscha) 
age, °S1F, S214, -adie aur 
fluctuations, SOF 
migration, 33F, 38F, 40F 
Size, 34F 
tag data, 40F 
Chum (0.keta) 
ape, (Gir, S2).° a7F 
juvenile, 35F 
Size, 34F 
tag data, 40F 


Salmon (continued) 
Coho (O.kisutch) 
juvenile, 35F 
seasonal feeding, 19 
size, SIF 2 S3k 
tag data a Slr yy corteotk, core 
40F ,-41F 
Sockeye (O.nerka) 
agege SLE, *S2F;) 338 yoork 
life! history ,131F$93oF 
mortality at English Bay, 6 
Chinook (0.tsawytscha) 
as food for herring, 12 
juvenile, S5F 
seasonal feeding, 19 
Sized VSL & SSTeouor 
tavarddatale 31F, 33a) S40, 238r, 
40F 
San Juan Archipelago 
alvgalwassociations, 15 
animal communities, 22 
barnacles, 19, 25 
desmids, 15 
diatoms, 10. 18 
faunal comparison, 8 
fish, 14 
macrobenthos, 26 
Medusae, 9 
Poeciloscleridan sponges, l 
Poly chaetes,, 1 


Sardinops caerulea. See Pilchards 


Sargassum muticum, 21 


Saxidomus giganteus. See Clam, 


butter 
Sealiopsty5 ,bl1, 20, 249 S2F e43un 
43F 


Scalpellum columbianum, 7 
Schizoporella unicornis, intro- 


duced bryozoan, 19 
Scorpaenidae. See Rockfish 
Sebastodes rubrivinctus, 12 


. Sebastodes. Sees Rockfish 


Sediment, 10, 22, 26 
Shaw Island, shore algae, 15 
Shipwormst 1257123 24 
Shrimpsj054 .32F, 45%), aoF 
Sidney B.C. 

decapod crustacea, 23 
Smelts (Osmeridae), 10, 36F 


he oe OE ea gE 
Sole 
Dover, 45F 


EnglishS 34% 


Sole (continued) 
Flathead, 15 
Sand, 15 
Starry; 15 
Sponges, l 
Squamish estuary, 17 
Stdrrtisn, £6, 25 
Steveston Cannery Basin 
shipworms, 24 
Strait of Georgia 
Hacteria, 55. <2 
copepods, 17 
dinoflagellates, 6 
echo scattering layer, 2 
Fish. Res, Bd. Can. data report, 
Se yee 5 
flounders, 12 
Foraminifera, 6 
Fraser River and phytoplankton, 
Pia la lS 
larval fish; 2 
primary production, 18 
scallops, 10 
Tintinnidae, 25 
trawl fishery, 34F 
zooplankton, 5 
Streptosyllis latipalpa, 1 
Strongylocentrotidae, 24 
Succession 
animal, 18 
syllidae, I 
Symbiosis, Beroe and flagellate, 3 


z 


Thaleichthys pacificus (eulachon), 
2 
TIGEPOOLsS,) 9,211 
Tintinnidae, 25 
Trawling 
fishery bibliography, 33F 
Fisheries Research Board index, 
13 
Isaacs-Kidd, 2 
midwater, 2 
Pacific ‘coast, 346, 6r, 45 


productivity, 34F, 36F, 40F, 41F, 


A3F, 44F, 45F 
shrimp, 32F, 45F, 46F 
Strait of Georgia, 34F, 37F 
eurtace, (2, 21 
Troll. tishery, Sif, 35F,.45F 
Trout, Juvenile, 23 


Trypanosyllis ingens, 4 


-VII- 


us 


Vancouver Island (East Coast) 
algae, 7 As 
copepods, 6 
Cumacea, 10 
decapods, 10 
diatoms, l 
heliozoon, 16 
herring populations, 42F 
hydroids, 8 
Hydromedusae, 7 
intertidal ecology, 27 
nudibranchs, 16 
Ostracoda, 13 
Phoronidae, 19 
Polychaeta, 4 
Vitamin Bj2, 6 
Venerupis (Paphia) pullastra, 19 


Wy 


Whidbeyella cartilagena, 21 
Wood borers. (2; 55°57, One, 
26 


S 


Zonation 
intertidal, 21 
Zooplankton, 4, 5, 6, 957 13,714, 
2a) 25 


Zostera marina, 24 
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INTRODUCTION 


Victoria Harbour is situated on the north shore of the Strait of 
Juan de Fuca, 60 miles eastward of its ocean entrance. The harbour is part 
of a tidal estuary, extending througli Gorge Waters to Portage Inlet over a 
distance of five miles (fig. 1). The estuary is about 50 feet deep at its 
entrance and shallows to a depth of less than ten feet in the Gorge and 


Portage Inlet. 


The flow characteristics are predominantly tidal. The fresh-water 


runoff into the system is supplied by two creeks but is negligible. 


The outer harbour accommodates large ocean-going vessels loading 
grain and lumber; the inner and upper harbours are used by ferries and 
coasters. The Gorge Waters and Portage Inlet are accessible only to small 
craft and have no significance as a navigable waterway. However, located in 
the heart of a growing urban area with a population of close to 200,000, this 
relatively large body of water has become an invaluable recreational asset 
and a unique tourist attraction (tourism accounts for about one-half of 


Victoria's income). 


Unfortunateiy, the estuary has been a receiving water for industrial 
and domestic wastes and although much has been done to introduce better dis- 
posal methods, the Gorge and Portage Inlet are still so badly polluted that 
their beaches have remained closed for quite some time. Marine life in the 
estuary has been surprisingly resilient. The large eelgrass beds in Portage 
Inlet are still an important herring spawning area and there are minor stocks 


of salmon, trout and oysters. 


In recent years, a number of schemes have been proposed to improve 
the water quality of the upper basin. Two of these proposals involve the 


following hydraulic structures: 


Te Construction of a dam between Victoria Harbour and the Gorge to 
prevent entry of polluted harbour watery) This proposal assumes that the 
contamination of the Gorge originates in Victoria Harbour and that any 
direct discharge from ineffective septic tanks into the waterway will soon 
be eliminated by sewers discharging into the Strait of Juan de Fuca. Even 
if the water in Victoria Harbour could somehow be kept clean, the dam would 
still be equally valuable in maintaining a constant water level and a higher 
water temperature in the upper basin. A two-mile long reservoir would thus 
be created in the centre of the city, a great recreational asset. The water 


would be either fresh or salt. 


2. Construction of a canal between Portage Inlet and Esquimait Harbour 
to flush the basin and to scour out the putrid Portage Inlet. A tempting 
ravine for this project already exists between Portage Inlet and the north- 
eastern shore of Esquimalt Harbour. A canal would link two scenic inlets 
with a protected waterway and open up entirely new possibilities for water 
tourism. However, a canal would not prevent polluted Victoria Harbour water 
from entering the Gorge and it wouid not maintain a constant level in the 


upper basin. 


The two concepts still receive considerabie attention from the 
municipal authorities and the provincial government. They are based on 
extensive ecological research, summarized in a publication by the Biology 


Department of the University of Victoria, (7) 


Either structure would change the basin's shape and consequently 


its response to the tides in the adjacent Strait of Juan de Fuca. 


This report examines possible changes in tidal behaviour as a Tesuit 
of the proposed structures. A numerical model is developed and tested for 


the existing estuary and then modificd to include the dam and the canal. 


be 


TIDAL CHARACTERISTICS 


Tides in the approaches to Victoria Harbour are mixed (either 
diurnal or semi-diurnal). At its latitude of 484°N, the Strait of Juan 
de Fuca has a tidal pattern which is not only affected by the relative 
positions of the moon and the sun but also by their declination. Mainly 
because of the moon's declination, the fiela of tide-producing forces is 
rarely symmetrical with respect to the poles of the earth, resulting in 
different amplitudes of two successive daily high waters and low waters. 
This "diurnal inequality" is most pronounced when the moon is at its extrenie 
declination (either 28°N or 28°S). It may then obscure one of the two daily 


low waters, giving the tide a "diurnal" appearance. 


In the Strait of Juan de Fuca, the declinational effect is at its 
greatest near Victoria. The diurnal character of the Victoria tides becomes 
particularly pronounced when the sun and moon are simultaneousiy at their 


maximum declinations, as may be illustrated by the following sketch: 


Sept...6, 1971 Dec. 18, 1971 
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' PREDICTED TIDES FOR VICTORIA 


For the two seiected dates, the moon's phases alone would suggest 
identical spring tides; clearly, the tides near Victoria respond more to the 
moon's declination than to the moon's phase. 


The tidal range is 9.3 feet for large ee 


The upper basin debouches into the harbour through a very narrow 
passage, the Gorge Narrows or Gorge Bridge (fig. 1). It is the inter- 
action between the mixed tides and this constriction which gives this 


estuary its peculiar tidal characteristics. 


The tides are distinctly diurnal for about 15 days per month. During 
these days, the harbour level is at its highest for several hours, permitting 
the upper basin to fill up to the same level. However, when the tide goes 
out, the harbour level falls rapidly, followed much more slowly by the upper 
basin because of the constriction. Long before the upper basin has "caught 
up'' with the harbour, the harbour level starts to rise again. This contrast 


is illustrated by the two diurnal tide curves (June 9-10) in figure 8, 


Because of its smaller range, a semi-diurnal tide will produce low 
waters, which are more uniformly distributed throughout the estuary. The 
high waters will then Be of shorter duration and consequently a semi-diurnal 
high in Portage Inlet will be somewhat below that in Victoria Harbour, see 


figure So Lor June, 2, 


These peculiar tidal characteristics are reflected by the chart 
datum, which is 4.5 feet lower for Victoria Harbour than for the upper basin 


west of Gorge Bridge. 


is. 
THE MODEL 


Although the shape of the outer harbour would suggest a two- 
dimensional model, the observed currents in this part of the estuary are 
so small that acceleration and velocity components in transverse directions 
may be ignored. Therefore, a one-dimensional model was considered sufficiently 


accurate. Both flow and density are assumed vertically homogeneous. 
Other assumptions are: 


- The effects of wind and barometric pressure are neglected. 

- Centrifugal forces in bends are ignored. 

- Fresh water runoff is neglected. 

- The calibration of the model excludes the possibility of super 
critical flow in the Gorge Narrows, which an extreme spring tide 
might bring about during short periods. 

- The tidal input (seaward boundary condition) is assumed to be truly 
represented by one tide gauge on the east shore of the harbour 
entrance; in other words, the tides are assumed to be pe 


across the one- Hare mile wide entrance. 


The tidal computations are based on the one-dimensional shallow- 
water wave equations which have been derived in numerous textbooks (eg 
Lamb4 ) and Dronker$° 


Equation of Continuity: OC woe = 0, 


Ox ot 


where Q is the discharge in £trysec in x-direction, W is the width of the 
water surface in feet, h the elevation of the water surface above a reference 
level (geodetic datum in this report), and x and t are the variables ior 


distance and time. 


Equation ot Motion: du du oh _gulul 


Gud 


where u is the water velocity in x-direction, g the acceleration of gravity 
in eye ee d is the actual water depth in feet and c the deChezy 


L 
coefficient in teet “per second. 


: 2 ; 
Introducing the cross-sectional area A in ft” and putting Q = uA, we have: 


ie CRORE ETC S He laicaea began : 
ot 


A a t A A ox a2 x 
gh Q/Q 
= = Doren ai 
eps A°c*d 


The two differential equations are solved by an explicit finite- 


difference tethod which may be summarized as follows: 


The differentiai equations of continuity and motion are rewritten 
in finite-difference form (Ax,At) and solved at the intersections of a time- 
Space grid, bounded by the initial conditions (x-axis) and boundary conditions 
(t-axes) at each end of the model. After comparison of the results with actual 
field data (water levels and currents), the friction coefficient C is adjusted; 
the procedure is repeated until the predicted values agree with the observed 


data. 


The method is called "explicit" because during each computation, 
only one unknown is calculated from a set of previously obtained values, while 
an "implicit" scheme derives at once all values of Q and h at level t + At from 
the known ones at level t, with a large number of simultaneous equations. For 
the Victoria model, an explicit scheme was chosen because it is generally 


accepted to be the most useful approach. 


2B. 


SCHEMATIZATION 


| The estuary was divided into secticag, each section or "block" 
having constant dimensions (figure 2). The section lengths, however, varied 
with the depth and were further adjusted so that the section lines agreed 
with the locations of field measurements. This approach is a departure from 
the conventional explicit scheme which uses equal section lengths. A more 
detailed discussion on the advantages and limitations of the use of unequal 


section lengths in an explicit scheme will follow in a separate paper. 


The representative depth and width of each section in terms of the 
chart datum were obtained from a hydrographic field sheet by overlaying the 
soundings with a transparent grid and tabulating the average sounding per 
square. The depth was calculated by dividing the sum of these average 
soundings by the total number of squares and the width followed from division 
of the surface area (i.e. the total number of squares multiplied by a scale 
factor) by the section length.’ To facilitate calculations of the cross- 
sectional area, the depth was adjusted in terms of the geodetic datum. In 
the model, geodetic datum is used as a reference level for tidal heights 
because it remains constant throughout the system, while Chart Datum changes 


at Gorge Narrows (page 4). 


The section width B at chart datum is assumed to be the width of 
the conveyance channel. The schematization includes shoals by allowing the 
section width to increase to a maximum value at a level determined from a 


hydrographic chart. 


To avoid abrupt and unrealistic changes in cross-sectional areas, 
the dimensions of the sections were smoothed out as in figure 6, which also 


shows the notation used in the difference equations. 


Referring to figure 5, GB, B, BW, BMAX and CD were all taken from 
the chart. They characterize each section and are part of the data input to 


the computer program. 


SB 
THE FINITE-DIFFERENCE EQUATIONS 


Following standard procedureS’), the first derivatives in these 


k k 
equations are approximated by central differences, e.g. dh = H -H ; 


ax m+ 1 m-1 
ZAX 
the truncation error being a function of cake k and m indicate the time and 
distance steps in the original matrix in figure 3, before the matrix is modi- 
fied to save storage space (fig. 4). For the sake of clarity, the following 


derivation of the difference equation will refer to figure 3. 


The equation of continuity is expressed in finite differences: 


ft k-1 > page es. 
Qnt2 Fav m + gi : neel eee = 0, 


Ax a AX 2At 
m 


The first sections are relatively long (fig. 2) and might make 


the term 9Q inaccurate in finite-difference form. Therefore, the equation 


of motion > rewritten as follows: 


0Q is replaced by ~ won (from continuity). 


OX ot 
Subsequently putting dA = dA . Oh , we have: 
ot oh ot 
2 ~ 
a8 a ‘ae W) ua pS reel tN gg 
gA ot oh gA- ot gA° 90x 
= - 9h - Q 
OX C“A 


The term the change in cross-sectional area in terms of the water 
surface elevation was entered in the computer program as B, the width of the 
conveyance channel. This substitution assumes that all motion in x-direction 
occurs in the conveyance channel (see figure 5), a simplification which might 


not hold in an estuary with large shoaling areas. 


-95 
"W'' accounts for shoals and is programmed for three conditions: 
a) The water level is below chart datum: 
b) The shoals are partly flooded; 
c) The shoals are completely flooded (the latter case 


isi sketched in figure 5)4+ 


The difference equation of motion can now be formulated as: 


k+1 k-1 k+1 k k k-2 k-2 
1 Q ese as { m San k m Cay i na? : Gel yi Oni 
i a Rt lil aha Kg AAt 
gA gta, 
m 
kde Bie k k ue k k+1 | .k-1 
ee Q m {ies 3 Pel Les aie Z vee. I m | 
k, 3 oe aK be ee AX 2 he oeK 
g (A) m mF, m m-1 (C) (A) dD. 


Kfl. ; : : : 
where Q m iS the only unknown term since all others pertain to previous time 


steps or to data input. The non-linear terms Q? have been linearized by using 
K-I kel 


the approximation Q fi Q Le 


Note that the de Chezy coefficient C may vary 


with each section. 


With the two finite-difference equations, we can compute H at the 
odd points in x-direction and at the even points in t-direction; and Q at 
the even points in x-direction and at the odd points in t-direction. This 
"'leap-frog" method is illustrated by figure 3 (top), which also suggests a more 
efficient use of the available computer memory. To save storage space, the 
conventional matrix is compressed (figure 3 bottom) and the rows are relabelled 
(by eliminating the rows with subscripts (k + 2i + 1) and reassigning the 


(k + 21) rows with numbers (n + i + 1)., where i is any integer). 


Using the notation of figure 4, we can now write the equations of 


continuity and motion in their final form: 


=i0- 


Continuity: 
ytd H n : ore ( n ‘ ny (W n 
m+] m+1 | : Shee ns m+] 
- \ -1 
A A ‘ 
W+2? ap xn ¥ “ae | 
Note that 4(W + W_ 4) represents the modified width at section 
m+1 m+2 
line (m+1) shown in figure 6. 
Motion: 
n+] Ax : Cane n n+l n+] 
Q m < At antl : Abed Me i Hoel ee 
8 m+1 
EX are AX (Axia itl tebe) | Q"| 
m m-1 ty m-1 
n+] n+] 2 ¢,nt+l n+1\2 n+] n+l\— 
cae oan a (a a (se * Hed ay 
2 Z 
n n+] n+l] n+l n+1 
= OG ed fie 22 remb4 nm” ned = 
n+1 nt+1\.3 
(a m AnD 
4 
n+l n+l n+l n+] 
- (Ax t Ange tp) Aoi n : ene Puel i uae ; 
ae Mt Cy 
8g. At. (*"n + ‘) 
m m+] 
2 


‘-11- 
BOUNDARY CONDITIONS 


The boundary conditions of the equations are the observed tides 
at the harbour entrance (section line 1, fig. 2) and zero discharge at the 


head of Portage Inlet (section line 42). 


At the harbour entrance, tidal records were obtained from an 
Ottboro tide gauge which was installed at Ogden Point in the spring of 1971 
and maintained for several weeks. Reference to a geodetic benchmark (#737-J 


at the foot of Broughton Street) was established. 


INITIAL CONDITIONS 


The estuary is initially considered to be in equilibrium y ise. 
JE and Hel are both zero at t = 0. The effects of an inaccurate estimate 


of the initial tidal heights and discharges disappear quickly. 
STABILITY AND THE TIME STEP 


An essential condition for the successful functioning of an 
explicit scheme is its stability. Numerical errors introduced by rewriting 
the differential equations in finite-differences should not progressively 


amplify. 


The stability requirement has been investigated in detail by 


(8) 


Leendertse. For a one-dimensional explicit scheme, the criterion for 


unconditional stability is found to be 


Ax t 
ae 
C is the velocity of propagation of a tidal wave. We set C = q| gh, where 


h is the greatest water depth in the system. 


4 


Since the (minimum) section length Ax had already been established 
by the schematization, the stability depended on the choice of the time step. 
To find the optimum vaiue of At, the model was run with At varying between 


40 seconds and 5 seconds. 


A time step of 10 seconds was finally selected to satisfy the 


stability criterion. 


It shouid be emphasized that the interval 2At = 20 seconds in the 
modified computer scheme (fig. 4) applies to the time between two consecutive 
computations of H or Q. Compressing the matrix as shown in figure 4 only 
affects the notation, not the leap-frog method! For instance, ee 


n+] nel 
. : ; Grert : 
still occurs one time step later than Hol rs 


THE COMPUTER PROGRAM 


The program was written in FORTRAN and executed on a teletype 
terminal to the UNIVAC 1108 machine operated by Computer Sciences of Canada 
at Calgary, Alberta. Plotting routines were carried out on a CALCOMP 563 
plotter interfaced with a Hewlett-Packard 2116B computer (16k). The flow 


chart for the program is shown in figure 23. 
CALIBRATION OF THE MODEL: THE FRICTION COEFFICIENT 


The model was verified by comparison of the computed tidal heights 
and currents with observed values recorded at a number of stations along the 
estuary. The friction coefficients C for all sections were then adjusted 
until the model reproduced the recorded data as closely as possible for 
the corresponding boundary conditions. The model was run for a large tide 
(June 9 and 10, 1971, see figure 8) and calibrated with tidal records. After 
calibration, it was tested with current observations at a number of locations 


and tor different dates. 


Si3- 


Figure 9 illustrates how the friction coefficients were tuned by 
comparing preliminary teletype plots of model-generated and observed tides. 
These tides were plotted simultaneously for two stations and for different 
values of C. The right-hand output obviously reflects a better choice of 


C than the left-hand output, particularly for the "Porters" tides. 


The calibration was continued in this fashion until the model output 
and the actual tidal data agreed within 0.2 feet at all gauge stations 
(typical discrepancies were 0.1 feet). Finer tuning of the friction coef-— 
ficient might weli have produced a higher precision. However, this refinement 
would have involved much costly computer time, and was not warranted for the 


purposes of the model. 


The final values of the friction coefficients varied from 20 fee /sec 
for the very shailow Portage Inlet to 50 fur tised for ‘Victoria Harbour! The 
low friction coefficient (high friction term) in the upper basin is not 
surprising when one considers obstructions such as the heavily trestled 


Craigflower Bridge and the abundant marine vegetation in Portage Inlet. 


2 


u 


ca 


this report as the ''de Chezy" coefficient to conform with the literature on 


The coerficient C in the friction term g 1s referred to in 


estuary modelling. However, it is a misnomer. The de Chezy coefficient 
“originates in river hydraulics and depends mainly on the nature of the bed 


material. It is often expressed as C = 249 Ril (9) 


, where n is an empiricai 
factor for bed material and R the hydraulic radius. This formula SELICt LY 
considers the roughness of the boundary materials. The model's friction co- 
efficient also includes the effect of bridge framework, pilings, logbooms 

etc. upon the water movement and may be much lower than the conventional 


de Chezy coefficient. 


After calibration with vertical tides, the modei was tested by 


current measurements for different tidal cycies. 


ee 


Figures 10 and 11 show comparisons between computed and observed flows 
at two bridges, respectively in the lower and upper basin. The "observed 
discharges" were obtained by multiplication of the mean of several point 
measurements by the estimated cross-sectional area. There seems to be closer 
agreement between computer output and field data at Craigflower Bridge than 
at Johnson Street Bridge. This difference may be due to a better estimate of 
the mean current at Craigflower Bridge, where the rlow is transversely much 
more uniform. Both model output and field data show large fluctuations in the 


flow at Johnson Street Bridge, which will be discussed later. 


se 
PREDICTED EFFECT OF A DAM UPON THE TIDES IN VICTORIA HARBOUR 


The site of the proposed dam is assumed to be just west of the model's 
section line 10 (fig. 2). Being even-numbered, this line corresponds with grid 


points where discharges (Q) are calculated in the leap-frog scheme. 


The effect of the dam on the Victoria tides can be evaluated by 
restricting the model to the first nine sections and setting a new "upstream" 


boundary condition Q = o at section line 10. 


Using the previously estimated friction coefficients, the model can 
now be run again and its output at a section line in the harbour compared with 


that of the original model without a dam. 


Figure 12 compares the model-produced tidai heights at section iine 
S without and with dam. Although the two outputs do not differ in height or 
phase, the dam seems to generate a continuous low-ampiitude oscillation of 
about 30 minutes, which does not resemble the normal fluctuations caused by an 
inaccurate estimate of the initial conditions. The model-produced discharges 
at vyohnson Street Bridge {section line 6) confirm this observation clearly, 


Vides cures 15% 


It might be argued that the oscillation is not merely a resonance 
phenomenon but is a direct result of a large variety of tidal fluctuations 


at the harbour entrance, i.e. the downstream boundary condition. 


To examine this possibility, the observed tides at Ogden Point are 
replaced by a cosine function representing the M-2 tide at Victoria, followed 
by a jump discontinuity to a zero tide (fig. 14). When the dam is included in 
the model, the flow at Johnson Street Bridge generated by this function exhibits 
again a very distinct period of 29 minutes, which is even more pronounced after 


the cosine function is abruptly discontinued to produce a one-foot shock. The 


he 


4L : : 
expression for harbour resonance T = Bh Ee L is the distance to the dam 
and T the resonance period) would produce a resonance period of 32 minutes, 
; : 10 : . 
disregarding Raleigh's mouth correction. Raleigh's correction, although it 


may not apply to a numerical model, would increase the period to 37 minutes. 


Without the dam, the shock does not produce a distinct resonance. 
A high-frequency signal (T = 7 minutes) superimposed upon both outputs plotted 
in figure 14 is almost certainly due to the schematization. A change in section 
lengths eliminates this signal but alters neither period nor amplitude of the 


29 minute cscillation generated by the dam. 


The frequency components of the flow in Victoria Harbour can be 
identified more clearly with a spectral analysis, as illustrated in figures 
15 and 16. The plots are Power Spectra of the model-produced discharges at 
Johnson Street Bridge for June 9, 1971 and March 3, 1968. The computer program 
used for this method was developed in 1970 by the Insitute of Oceanography at 
the University of British Columbia. The observed tides for these dates are 


the boundary conditions. 


Without the dam, the two Spectra are reasonably similar, with peak 
frequencies near 1.5, 4 and 5 cycles per hour. When the dam is included in the 
model, both plots show a very distinct peak frequency of 2.1 cycles per hour 


(T = 28.6 minutes). 


Figure 17 is a similar spectral analysis of the observed tides for 
the same dates, to compare input and output frequencics of the model. The 
spectrum for June 9, 1971 is not conclusive. However, the spectral analysis 
of the March 1968 observed tides agrees rather well with that of the model- 
produced discharges at Johnson Street Bridge. It should be pointed out that 
the June 1971 tides were taken from Ogden Point gauge records, at the harbour 
entrance, while the March 1968 data were obtained from the Victoria gauge which 


is well inside the harbour and more susceptible to resonance. The tidal records 


is 


for March 3-5, 1968 were selected for spectral analysis because they show some 


interesting short-period seiches, which are clearly reflected in the model. 


To examine the harbour resonance more closely, two current meters 
were anchored under the Johnson Street Bridge, just outside the navigation 
channel. They recorded currents between the 3rd and 10th of November, 1971. 
One current meter, a Geodyne, had a sampling interval of four seconds (averages 


over 160 seconds) and the other, an Anderaa, had a ten minute sampling interval. 


Without aliasing, the Anderaa's records would barely detect the 20 
to 40 minute harbour resonance periods. The Anderaa was therefore mainly used 


to check the performance of the much more sophisticated Geodyne current meter. 


A spectral analysis of the Geodyne data is shown in figure 18. The 
spectrum appears different from those in figures 15 to 17 because it is derived 
from a program developed by the Geodyne manufacturers which does not show con- 
fidence intervals. The most conspicuous peak frequency of 1.85 cycles per hour 
(a period of 32 minutes) agrees closely with that found on the tidal records 
of March 3-5, 1968 (figure 17). The other peaks agree reasonably well, although 
the tidal records show peaks at the higher frequencies (4.1 and 5.2 cycles per 
hour), which the current meter did not seem to detect. It shoulda be noted that 
the directional unit of the Geodyne failed almost immediateiy after the meter 
was put down. This mishap had no effect upon the spectral analysis since the 
flow reversals were quite distinct and couid easily be reconstructed from the 
records of the Anderaa current meter. The spectral analysis of the Anderaa 
data shows distinct peak frequencies at 1.2 and 2.6 cycles per hour; which 


correspond to those of the Geodyne records. 


se. 


The results of the model computations of the effect of the dam may 


then be summarized as tollows: 


There is sufficient evidence that the proposed dam will enhance a 
seiche with a period of 29 minutes. Under normal tidal conditions, this seiche 
will hardly be noticeable. However, a seiche induced by the passage of a 
weather system or perhaps an earth tremor will generate stronger harbour 
currents and continue to oscillate much longer than under the same conditions 
without a dam. For instance, in both cases a one-foot shock at Ogden Point 
will set off a flood current near Johnson Street Bridge with a peak of about 
four knots. When the dam is included, the current will continue to oscillate 
for several hours. It will decrease to about one-haif knot in both directions 
after five hours. However, without the dam the current will become virtually 
negligibie after the first oscillation, since the energy of the tidal wave 


dissipates rapidly in the Gorge and Portage Inlet. 
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SOME ASPECTS OF THE PROPOSED PORTAGE CANAL 


Although the construction of a canal between Portage Inlet and 
Esquimalt Harbour seems much less practicable than the building of a dam 
between the Upper Harbour and the Gorge!, only minor program changes are 
needed to include the canal in the model and permit a cursory study of its 


effect upon the tides. 


To connect Portage Inlet with Esquimait Harbour, the canal would 
have to be about 2000 feet long. The schematization is therefore modified 
simply by extending the upstream portion of the model to Esquimalt Harbour 
with three sections, as figure 2 clarifies. The sections are each 670 feet 
long, 100 feet wide, and 10 feet deep with respect to geodetic datum. The 
tides in Esquimalt Harbour, assumed to be equal to those at Ogden Point now 
form the upstream boundary condition. The friction coefficient is set at 


L 
60 ft.°/secorid. 


The model examines the effect of the canal upon the water level in 
Portage Inlet, upon the currents in the Gorge and computes the flow in the 


canal itself: 


Using the existing bottom configuration of Portage Inlet and Western 
Gorge, this version’ of the model fails: at a falling tide, the basin's out- 
flow will not be restricted by the Gorge Narrows but will find an additional 
passage through the canal into Esquimait Harbour. Several sections in Portage 
Inlet and Western Gorge will consequently dry up during part of the tidal 
cycle, causing the term Q/A in the equation of motion to approach infinity. 
However, the model works when the term GB (see figure 5) is increased to ten 
feet for all shailow sections in the upper basin, in other words, after some 


considerable dredging. 


For a clear comparison of the current velocities in the Gorge 


Narrows, a cosine function (the M-2 tidal constituent for Victoria} is used 
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as model input. The results are plotted in figure 20: the canal will reduce 
the maximum current veiocity in the Gorge to one-half its present value, while 
the current in the canal itself will be about twice as strong as that in the 
Gorge (after construction of the canal). These figures are of a reconnaissance 


nature only, and are based on some broad assumptions. 


Only a simple adjustment on the schematization enables the model to 
predict the currents in the canal if a dam is constructed between Gorge and 
Upper Harbour, in addition to the canal. This adjustment would omit the first 
nine sections, and set Q=o at section line 9. A boundary condition at Esquimalt 
Harbour of the observed Victoria tides for 9 - 10 June 1971 would induce a 
maximum current of three knots in both flood and ebb directions. An M-2 tide 


would induce a maximum current of two knots in either direction. 


As a matter of interest, the model then considers the possibility 
of dredgirig the entire upper basin to a depth (GB) of ten feet below geodetic 
datum. Figure 21 illustrates the effect of this operation: with the observed 
tides at Ogden Point for 9 - 10 June 1971 as the downstream boundary condition 
and Q=o as the upstream boundary condition, the model predicts no change in the 
high water ievels in Portage Inlet but a considerable drop of three feet of the 
low water levels. In other words, the chart datum of the upper basin would be 


lowered. 


Figure 22 shows a consiacerable increase in discharge through the 


Gorge in both directions for the same conditions. 


1o%) 


CONCLUSION 


The construction of a dam below Gorge Narrows would amplify a seiche 


which normally is suppressed by the upper basin. 


The proposed Portage Canal, unless regulated by locks, would, at low 
water, drain Portage Inlet and the Gorge into Esquimalt Harbour. To maintain 
circulation, the two waterways would have to be dredged. At falling tide, most 
of the upper basin would then discharge through the canal, reducing the ebb 
current in the Narrows to a rate which would make this passage navigable during 


all tidal phases. 


2 
REMARKS 


To avoid discontinuity in the foregoing discussion, some significant 
approximations and assumptions in the model were dealt with only briefly. They 


will now be considered in more detail. 


A unique feature of the tidal characteristics of the Victoria basin 
is the constriction at Gorge Narrows where at an outgoing tide the water level 
may drop more than four feet over a very short distance. During a preliminary 
observation of the flow in the Narrows at low-water spring tide, the average 
slope of the hydraulic grade line under the Gorge Bridge was estimated at 5%, 
with a correlative increase in current velocities from three to ten feet per 
second over a distance of less than 100 feet. Just east of the Gorge Bridge, 
the bottom slopes down steeply towards the harbour and the flow decelerates 


back to normal. 


Mainly because of the considerable change in velocities in the Gorge 


Narrows, the convective acceleration u du was included in the equation of 
OX 
motion. The term (also called the "Bernouilli" term) is often ignored in tidal 


computations of rivers and estuaries. To test its relative importance in the 


Victoria model, u du was omitted for some typical boundary conditions. The 
OX 
results never differed by more than 3% from cases where the term was retained. 


The term is nevertheless maintained in the final program. Vertical accelera- 
tions and velocities are neglected since there was obviously no abrupt change 


in the water level. 


The irregular bottom profile and strong turbulence in the transition 
zone made it difficult to establish conditions for critical flow. The Froude 
numbers computed from the available field data did not exceed 1. However, an 
extreme tidal range might create a hydraulic jump with a considerable loss of 
energy (a cubic function of the difference in water levels before and after 


1/2 


the jump) and a discharge which depends on the critical depth (Q = gb aie 


where a critical depth). 
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The equations of motion and continuity would still hold on both sides 
of the hydraulic jump but the transition zone should be considered separately 


with the,vertical tides on each side as boundary conditions. 


A detailed study of the Gorge Narrows would require two tide gauges 
at the Gorge bridge; they should preferably operate in December when a maximum 
tidal range may be expected. Currents and depths in the transition zone should 


be measured simultaneously. 


In the equation of motion, the width of the conveyance channel is 
kept constant throughout a tidal cycle, while the height varies with the tides. 
In other words, all flow is assumed to pass through a rectangular cross section 
defined by this fixed width and variable height. No interchange of momentum 
is assumed to take place between the currents in the main channel and the 
currents to and from the flooding and drying regions, which are relatively 
small in the Victoria basin. The average width of the conveyance channel for 
each section was obtained from the chart by dividing the total water surface 


at chart datum by the section length. 


Throughout a cross section, the flow is assumed to be uniformly 
distributed, both transversely and vertically, and the expression Q = uA is 
based on this assumption when the velocity component u is replaced by the 
discharge Q in the equation of motion. However, preliminary current measure- 
ments at the Johnson Street Bridge over a grid of twenty feet (horizontal) 
by five feet (vertical) indicated that the surface current in the middle of 
the channel would be about twice as high as the mean flow for that particular 
eross section, . Therefore, if;the.model. would be, requiredito: predict ‘surface 
currents (e.g. for pollution studies), additional field measurements must be 


made to relate surface currents to mean currents at selected sections. 


In the canal program, the tidal input at section 45 was set equal 
to that at section 1, on the assumption that the tides in Esquimalt Harbour 
would be identical to those at Ogden Point. There would actually be a slight 
difference in range and phase between the tides in these two locations. A 


more comprehensive study of the feasibility of a canal would require an 


AS 
additional tide gauge at the head of Esquimalt Harbour. 


When the dam was included in the model, the observed tides at the 
harbour entrance for the existing system (without dam) were entered as the 
seaward boundary condition. This approach ignored the effect which the dam 
“might have upon the tides at the harbour entrance. It would be more accurate 
to establish a boundary condition outside the harbour entrance, for instance 
by using tidal data derived from a future numerical model of the Strait of 


Juan de Fuca. 


The schematization of the model introduces a few refinements which 
have been discussed in detail. The computational technique follows a proven 
method which has been treated in the ittevs tones? and needs no further 


comment. 


By its stepwise simulation of a tidal estuary, a one-dimensional 
numerical model may overlook features which a detailed physical model would 
detect; to minimize this possibility, the Victoria model was schematized 
with relatively small section lengths and time intervals. The report 
demonstrates how a variety of modifications in a flow regime can be examined 
by the same computer program with only minor adjustments. This flexibility 


is clearly an advantage of a mathematical model. 


The results of the model analysis indicate that the harbour's 
tidal response will be an important factor in a future feasibility study of 
a dam in the Victoria basin. The need for such an investigation is further 
emphasized by the existence of harmful seiches in other harbours, e.g. 

Neah Bay (Washington), Los Angeles and Cape Tow) For instance, in 
certain parts of Los Angeles Harbour, ships have been damaged when they 


were surging and swaying as a result of horizontal oscillations. (12) 


An approximate position of the proposed dam was used to compute 
the tidal response of the harbour. Once a decision has been made regarding 


the dam's exact location, the computer program can be adjusted accordingly. 
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FIG.3 COMPUTATION SCHEME, EXPLICIT MODEL 
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FIG. 5 SCHEMATIZATION OF SECTIONS 


| Geodetic Datum 


Exo ag Ta 5% 


B - Mean width of a section at Chart Datum (fixed) 

W - Mean width at time t (variable) 

BW - Bank width (fixed) 

GB - Distance between Geodetic Datum and bottom (fixed) 

CD - Distance between Geodetic and Chart Datum (fixed) 

D Max = Bank height (fixed) 

H - Distance between Geodetic Datum and water level (variable; negative in figure) 


GB+CD - Depth below Chart Datum, obtained from hydrographic charts 


CHART DATUM: East of Gorge (Section 17), Chart Datum is 6.16 feet below 
Geodetic Datum. West of Gorge, Chart Datum is 1.66 feet below Geodetic 


Datum. 
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FIG. 6 SMOOTHING OF CROSS-SECTIONAL AREAS 
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INTRODUCTION 


Canadian operation of Ocean Weather Station P (latitude 50°00'N, 
longitude 145°00'W) was inaugurated in December, 1950. The station is 
occupied primarily to make meteorological observations of the surface and 
upper air and to provide an air-sea rescue service. The station is manned 
by two vessels operated by the Marine Services Branch of the Ministry of 
Transport. They are the CCGS VANCOUVER and the CCGS QUADRA. Each ship re- 
mains on station for a period of six weeks, and is then relieved by the 
alternative ship, thus maintaining a continuous watch. 


Bathythermograph observations have been made at Station P since 
July, 1952. A programme of more extensive oceanographic observations was 
commenced in August, 1956. This was further extended in April, 1959, by the 
addition of a series of oceanographic stations along the route to and from 
Station P and Swiftsure Bank. These stations are known as Line P stations. 
The number of stations on Line P has been increased twice and now consists of 
twelve stations (Fig. 1). Bathythermograph observations and surface Salinity 
sample collections in addition to being made on Line P oceanographic stations 
are also made at odd meridians at 49' i.e. 139040'W, 141°40'W, etc. These 
stations are known as Line P BT stations. Data observed prior to 1968 has 
been indexed by Collins et al, (1969). 


The present record includes hydrographic and salinity-temperature- 
pressure data collected from the QUADRA during the period September 15 to 
November 1, 1972, Line P surface temperature data from the VANCOUVER during 
the period October 27 to December 6, 1972, and hydrographic and salinity- 
temperature-pressure data collected from the QUADRA during the period 
December 1, 1972 to January 10, 1973. 


All physical data have been archived by the Canadian Oceanographic 
Data Centre (CODC), 615 Booth Street, Ottawa, Ontario, Canada. Requests for 
these data should be directed to CODC. 


Biological and productivity data are published in the Manuscript 
Report series of the Fisheries Research Board of Canada (FRB), the Biological 
Station, Nanaimo, B.C., Canada. Requests for these data should be directed 
to FRB. 


Marine Geochemical data are for the Ocean Chemistry Group, Marine 
Sciences Directorate, Department of the Environment, 512-1230 Government St., 
VACLOI.a,.b.Gs.~scanada 


Bird observations are sent to Dr. M. Myres, University of Calgary, 
Calgary, Alberta, Canada; and Marine Mammal observations to Mr. I. McAskie, 
Fisheries Research Board of Canada, The Biological Station, Nanaimo, B.C., 
Canada. 


Programme of Observations from CCGS QUADRA, September 15 to November 1, 1972 
PaJe=/) (CODGCURGT gens clon tce0us 

Oceanographic observations were made by Mr. C. de Jong, Marine 
Sciences Directorate, Department of the Environment. 


En route to Station P, Stations 1 to 7 were occupied and STD casts 
made to near bottom or 1500 meters. Stations 8 to 12 were cancelled due to 
bad weather. Mechanical or XBT casts were made at all hydro and BT stations 
on line P and the surface temperature recorder was run continuously. 


At Station P the oceanographic programme was carried out as 
follows: 


I) Physical Oceanography 


Profiles of salinity, temperature and oxygen were obtained as 
follows: 


) Weekly bottle casts to near bottom (4200 meters). 

) STD casts to 1500 meters following the bottle casts. 

) A total of 7 STD casts to 300 meters between weekly bottle 
stations. 

Mechanical BT casts 8 times daily. 

Surface salinity sample daily at 0000 hrs. GMT. 

The wave recorder was run every 3 hours for 20 minutes to 
coincide with the daily meteorological observations. 


2 
3 
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II) Biological and Productivity 


These data were collected as follows: 


1) Plankton 

A total of 6-50 meter, 6-150 meter, and 1-1200 meter 
vertical plankton hauls. 

Two profiles for plant pigment and C-14 productivity. 
Weekly secchi disk depth measurements. 

No salmon but a few hundred pomfret were caught in the 
fishing programme. A few boar and skill fish were also 
taken with 2 skill fish delivered alive to the Vancouver 
Aquarium. 


— Ww PrP 
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III) Marine Geochemistry 


Samples for marine geochemical studies were obtained as 
follows: 


1) Oxygen - at standard depths from the bottle stations. 

2) Nutrient, phosphate and salinity samples daily at 0000 hrs. 
GMT plus hourly sampling for one 24 hour period from the 
ship's seawater loop. 

3) Alkalinity samples every 3 days from the seawater loop. 


IV) Marine Mammal, Bird and Data Gathered for Other Institutes 


1) Marine mammal and bird observations were recorded. 

2) Rainwater and sea surface water samples were collected for 
Scripps Institution of Oceanography. 

3) A buoy mounted wave recorder ("waverider") was launched 6 
times for calibration with the ship's wave recorder for 
Mr. G. Holland, Marine Sciences Directorate, Ottawa, Ontario. 


En route from Station P, Station 12 was occupied and a STD cast to 
1500 meters was made. The rest of the Line P programme was cancelled due to 
bad weather with the exception of the running of the continuous temperature 
recorder. 


Programme of Observations from CCGS VANCOUVER, October 27 to December O 1972 
(P-72-8) (CODC Ref. No. 15-72-008 


Oceanographic observations were made by the ship's officers. En 
route to Station P 8 XBT casts were made and the surface temperature record- 
er was run continuously. 


At Station P the oceanographic programme was carried out as 
follows: 


I) Physical Oceanography 


1) Mechanical BT casts 8 times daily. 

2) The wave recorder was run for approximately 20 minutes 
every 3 hours to coincide with the meteorological observa- 
tions. 


II) Marine Mammal, Bird and Data Gathered for Other Institutes 


1) Marine mammal and bird observations were recorded. 


En route from Station P the surface temperature recorder was run 
continuously. 


Programme of Observations from CCGS QUADRA, December 1, 1972 to January 10 
1973 (P-72-9) (CODC Ref. No. 15-72-009) 


Oceanographic observations were made by Mr. W. Hansen, Marine 
Sciences Directorate, Department of the Environment. 


EN. POULE SLO otation FP, stations 2. os 4, 0s Os 7, and’ ile were 
occupied and STD casts to near bottom or 1500 meters were made. BT casts 
were made and surface salinity and nitrate samples were collected on Line P 
stations and the surface temperature recorder was run continuously. 


At Station P the oceanographic programme was carried out as 
follows: 


I) Physical Oceanography 


) A total of 4 bottle casts to near bottom (4200 meters). 
) A total of 7-1500 meter and 2-300 meter STD casts. 

) Mechanical BT casts 8 times daily. 
) Surface salinity sample daily at 0000 hrs. GMT. 


Il) Biological and Productivity 


These data were collected as follows: 


1) Plankton 
A total of 4-150 meter, 2-1200 meter vertical hauls and 
9-10 minute horizontal tows. Micro-organisms were sampled 
daily from the ship's seawater loop. 14 

2) Three profiles for pigment, nitrate and C 
plus one surface sample. 

3) Weekly secchi disk depth measurements. 


productivity 


III) Marine Geochemistry 


Samples for marine geochemical studies were obtained as 
follows: 


1) Oxygen - at standard depths from the bottle stations. 

2) Nutrient samples daily plus hourly sampling for one period 
of 24 hours from the seawater loop. 

3) Alkalinity samples every 3 days from the seawater loop. 

4) One C!40> sample from the seawater loop. 

5) Weekly air COo samples. 


IV) Marine Mammal, Bird and Data Gathered for Other Institutes 


1) Marine mammal and bird observations were recorded. 

2) Rainwater samples were collected for Scripps Institution 
of Oceanography, La Jolla, California, U.S.A. 

3) The Scripps Institution of Oceanography's general dynamics 
instrumentation buoy was serviced and filmed. 


En route from Station P, Stations 10 and 6 were occupied and STD 
casts to 1500 meters were made. Bad weather and boiler trouble prevented 
the occupation of the rest of the Line P stations. XBT casts were made and 
surface salinity and nitrate samples collected at all Line P stations plus 
a total of 14 surface samples for I.0.U.B.C. 


Please note due to lack of 09 standard 09 samples were not processed 
until after the ship returned to port on cruise P-72-9. 


Data was processed by Messrs. C. de Jong, W. Hansen, B. Minkley, 
D. Smith, and E. Luscombe, and assembled and edited for publication by 
Mr. K. Abbott-Smith. 


Observational Procedures 


Temperatures at depth were measured by deep-sea reversing thermo- 
meters of German (Richter and Wiese) or Japanese (Yoshino Keiki Co.) manu- 
facture. Two protected thermometers were used on all Nansen bottles, and 
One unprotected thermometer was used on each bottle at depths of 300 m or 
greater. The accuracy of protected reversing thermometers is believed to be 
+2026, 


Surface water temperatures were measured from a bucket sample using 
a deck thermometer of +0.1C accuracy. 


Salinity determinations were made aboard ship with either an Auto- 
Lab Model 601 Mark 111 inductive salinometer or a Hytech Model 6220 lab 
Salinometer. Accuracy using duplicate determinations is estimated to be 
+0.003 ppt. 


Depth determinations were made using the "depth difference" method 
described in the U.S.N. Hydrographic Office Publication No. 607 (1955). 
Depth estimates have an approximate accuracy of +5 m for depths less than 
1000 m, and +0.5% of depth for depths greater than 1000 m. 


The dissolved oxygen analyses were done in the shipboard laboratory 
by a modified Winkler method (Carpenter, 1965). 


Line P engine intake continuous temperatures on both ships were 
recorded by a Honeywell Model 15303836 Recorder. The temperature probe is 
at a depth of approximately 3 meters below the sea surface and the instrument 
accuracy is believed to be + .1 C. 


CCGS QUADRA is equipped with a Bissett Berman Model 6600-T 
salinograph-thermograph which is used, on Line P, for continuous recording 
of surface temperatures and salinities from the ship's seawater loop. The 
temperature probe is mounted at the seawater loop intake (approximately 3 
meters below the surface) and the salinity probe and recorder is situated 
in the dry lab. The accuracy of this instrument is believed to be + .1 C 
for temperature and + .1 ppt for salinity. 


CCGS VANCOUVER and CCGS QUADRA were equipped with a Bissett-Berman 
Model 9006 STD. The range of the salinity sensors on Cruises P-72-7 and 
P-72-9 was 27-37 ppt. 


Computations 


All hydrographic data were processed with the aid of an IBM 360 
computer. Reversing thermometer temperature corrections, thermometric 
depth calculations, and accepted depth from the "depth difference" method 
were computed. Extraneous thermometric depths caused by thermometer mal- 
functions are automatically edited and replaced. A Calcomp 565 Offline 
Plotter was used to plot temperature-salinity and temperature-oxygen 
diagrams, as well as plots of temperature, salinity and dissolved oxygen 
vs 10914 depth. These plots were used to check the data for errors. 


Missing hydrographic data were obtained using a weighted parabolas 
interpolation method (Reiniger and Ross, 1968). These data are indicated 
with an asterisk in this data record. 


Data values that we suspect but are included in this data record 
are indicated with a plus. These data have been removed from punch card 
and magnetic tape records. 


Analog records from the salinity-temperature-pressure instrument 
have been machine digitized, then replotted using the Calcomp Plotter. 


Digitization was continued until original and computer plotted 
traces were coincident. Temperature and salinity values were listed at 
standard pressures; integrals (depths, geopotential anomaly, and potential 
energy anomaly) were computed from the entire array of digitized data. 


The headings for the data listings are explained as follows: 


PRESS is pressure (decibars) 

TEMP is temperature (degrees Celsius) 

SAL is salinity (parts per thousand) 

DEPTH is reported in meters 

SIGMA-T is specific gravity anomaly 

SVA is specific volume anomaly 

THETA is potential temperature (degrees Celsius) 


SVA (THETA) is potential specific volume anomaly 


DELTA D is geopotential anomaly (J/kg) 
POT EN is potential energy in units of 10° ergs/cmé 
OXY is the concentration of dissolved oxygen expressed 


in milliliters per liter 


B-V PERIOD is the Brunt-Vaisala period in minutes 


Summary of Hydrographic Data 


The data are graphically summarized as follows: 


Composite plots of temperature vs 10919 depth (Fig. 4, P-72-7) and 
(Fig. 12, P-72-9). 


Composite plots of salinity vs 10919 depth (Fig. 5, P-72-7) and 
(Fig. 13, P-72-9). 


Composite plots of oxygen vs log49 depth (Fig. 6, P-72-7) and 
(Fig., 14, P-72-9). 
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EIST (OF @IGURES 


Figure 1 Chart showing Line P station positions. 

Figure 2 Composite plot of temperature vs logjg depth. P-72-7. 

Figure 3 Composite plot of salinity vs 1091 depth. P-72-7. 

Figure 4 Composite plot of oxygen vs log]g depth. P-72-7. 

Figure 5 Bottle - STD salinity value difference profiles. P-72-7. 

Figure 6 Temperature difference reversing thermometers - STD. P-72-7. 

Figure 7 Graph of Line P surface temperatures as continuously record- 
ed from a probe located at the engine room intake (approxi- 
mately 3 meters below the surface). P-72-7. 

Figure 8 T-S plot of surface temperature and salinity observations 
on Line P (asterisks) and at Station P (pluses). P-72-7. 

Figure 9 Graph of Line P surface temperatures as continuously record- 
ed from a probe located at the engine room intake (approxi- 
mately 3 meters below the surface). P-72-8. 

Figure 10 Composite plot of temperature vs 10g]Q depth. P-72-9. 

Figure 11 Composite plot of salinity vs 109, depth. P-72-9. 

Figure 12 Composite plot of oxygen vs log]g depth. P-72-9. (See note 
in Programme of Observations P-72-9. ) 

Figure 13 Bottle - STD salinity value difference profiles. P-72-9. 

Figure 14 Temperature difference reversing thermometers - STD. P-72-9, 

Figure 15 Graph of Line P surface temperatures as continuously recorded 


from a probe located at the engine room intake (approximately 
3 meters below the surface). P-72-9. 


Figure 16 Graph of Line P surface temperatures and salinities as contin- 
uously recorded from probes in the seawater lab. P-7/2-9. 
Figure 17 T-S plot of surface temperature and salinity observations 


on Line P (asterisks) and at Station P (pluses). P-72-9. 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-72-7 
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Figure 4 Composite plot of oxygen vs 1094, depth. P-72-7. 
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Figure 5 Bottle - STD salinity value difference profiles. 
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Figure 6 Temperature difference reversing thermometers - STD. P-72-7. 
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RESULTS OF STP CAST 


SAL 


31420 
atso0 
31.75 


2 
ee 


0.O0w 


37 


DATE 16/7 9/72 


GMT 


1.20 


81 POINTS TAKEN FROM ANALOG TRACE 


DEP 


32eia~ 


32277 
33223 
33292 


TEMP 


1.51 
1.50 
1-50 
1249 
1.48 
1.48 
1246 
1044 
1.38 
1.36 
1205 
0.58 
0037 
0013 
9295 
908! 
9267 
9-66 
9062 
Ge 55 
9056 
9029 
9.25 
9e14 
8289 
8278 
B76 
8.75 
8075 
Be72 
8.71 
868 
8-67 
8-60 
8-53 


| 8eS5l 


BeaS te 
8.250 
8e51 
8250 
8-250 


SAL 


31220 
31.220 
31220 
31.20 
31-220 
31le2i 
31-21 
31.222 
31.224 
31244 
oi eo2 
31275 
31.90 
31-92 
31-95 
31.98 
32-00 
32.201 
32203 
32212 
322e15 
32218 
32219 
32025 
32239 
32240 
32041 
32e41 
32242 
32.47 
32247 
32247 
32254 
32257 
32.58 
32258 
32268 
32269 
32272 
32.76 


TH 


0 
10 
20 
30 
50 
7S 
99 


SIGMA 
T 
23.76 
23.76 
24.35 
24.91 
25248 
25.98 
26.60 


SVA 


415-2 
41522 
35907 
30624 
25.201 
205-0 
146.8 


DEPTH 


496 
51. 
52 
S36 
54e 
S66 
57. 
586 
S8e 
606 
6le 
Gle 
E20 
63 
E56 
67 
690 
706 
71e 
T2e 
730 
736 
T4.e 
756 
T8e 
766 
766 
7Be 
78. 
79 « 
Ble 
B82 
B3e 
Bae 
B66 
906 
92e 
96 e 
9Be 
100. 


DEL TA 


D 
ene) 
Oe 42 
0.82 
1.615 
1-70 
eeart 
2267 


TEMP 


Be 49 
8249 
Be47 
Be 28 
8e18 
Bell 
8e10 
8206 
8-05 
8.03 
8203 
BeO2 
8200 
8200 
7293 
7287 
7283 
7278 
7269 
7254 
7252 
7252 
7252 
teS2 
7251 
7250 
7249 
7 244 
7243 
7242 
7233 
7e3il 
7219 
7246 
7209 
7206 
6299 
6-98 
6.98 
6298 


POT. 

EN 
020 
0202 
02-08 
O17 
0.39 
9275 
1eil 


SAL 


32077 
32.278 
32279 
32285 
32-86 
32-87 
32.88 
32292 
32294 
32296 
32.98 
32299 
32299 
33-01 
33-203 
33206 
33.07 
33208 
33-11 
33214 
33215 
3308S 
33-20 
33423 
33-226 
33-31 
33434 
33236 
33.237 
33248 
33262 
33471 
33077 
33-79 
3328&5 
33286 
33.90 
33-91 
33.92 
33292 


SOUND 


1491. 
1491. 
1489. 
1485.6 
1483. 
14R0-. 
1479.6 


300 


DB 


O) 
& 
(3 


I00 


PRESSURE, 


1200 


Lo00s 


site 3 
Serle ENE | 


LEMRERA PURE. 4 
4 8 le 


Ree MING .?72> 20-s€7> 203 


U8-U2.0 N 126-40.0 W 


MO.-9 DAY-16 GMT-3.5 


3 
Y 


3 
,» O/OOD 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITION 


PRESS 


0 
10 
20 
30 
50 
7S 

100 
125 
150 
175 
200 
225 
250 
300 
400 
S500 
600 
B00 
1000 


TEMP 


11.68 
11-271 
9e21 
T7276 
7239 
7238 
7258 
7255 
7e20 


7209 


6292 
6-70 
6047 
6001 
5.36 
5202 
462 
3.98 
3045 


72- 7- , 
48-42-0Ns 126-4020 
RESULTS OF STP CAST - 


SAL 


32eil 
32el1 


32631- 


32057 
32064 
32.97 
33246 
33071 
33-90 
33292 
33295 
33.97 
33-98 
34200 
34.05 
34e11 

34219 
34.31 

34241 


3 


39 


DATE 16/7 9/72 


GMT 


305 


214 POINTS TAKEN FRCM ANALOG TRACE 


DEPTH 


ie) 
10 
20 
30 
50 
7S 
99 
124 
149 
174 
199 
225 
248 
298 
397 
496 
$935 
793 
991 


SIGMA 
T 

24243 
24242 
25201 

25243 
25253 
25-79 
26215 
26235 
26255 
26-58 
26262 
26-67 
26471 

26-79 
26290 
26299 
27210 
27227 
27240 


SVA 


35029 
35169 
29607 
25628 
246.28 
22228 
18961 
170e3 
15220 


149.3 


14565 
141.20 
13729 
131.1 
120.6 
11361 
10365 

88.8 

7720 


DELTA 
D 
0-0 
0235 
0-59 
0«S6 
1246 
2eC5 
2057 
3202 
3042 
379 
4.216 
4.52 
4.87 
5254 
6280 
7296 
9e C4 
10296 

12.60 


POT e 
EN 
0.0 
0202 
0207 
O214 
0234 
O0e71 
1.17 
1.69 
2025 
2-87 
3258 
4.235 
5219 
7207 
11.256 
16.88 
22291 
36-56 
$1.62 


SOUND 


14936 
14936 
1484. 
14796 
1478.6 
1479. 
1481. 
1482 6 
1481. 
1481. 
1481. 
1480. 
1480.6. 
14796 
1478. 
147864 
1478. 
1479.6 
1480. 


CO 
= 
S 


PRESSURE, 


00 


1S005, 


Se 
SALINI 


TRE Vi RPS eres 
4 8 le 


here NOs ea- pa 
48-4H6.0 N 127-40.0 W 


MO; —So DAS) 6s Gril 7s 0 


33 
TY 


e 
,, ew 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITICN 


72- 7- 
48-46e-0Ns 


RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 

= J 6) 
fd) 
100 
a 
L150 
lak =) 
200 
Pl dia 
Zo0 
300 
400 
500 
600 
800 
1000 
1200 


TEMP 


14.204 
13225 
12246 
11-70 
8203 
7220 
7228 
Teese 
7250 
72033 
6298 
6270 
6246 
6201 
5235 


4286 


4.51 
3299 
3244 
3203 


SAL 


127-40.0W 
265 POINTS TAKEN FRCM ANALGG TRACE 


DEPTH 


41 


DATE 


SIGMA 
T 

234286 
24.07 
24625 
24044 
25237 
25-58 
252S2 
26216 
26239 
26253 
26260 
26265 
26269 
26278 
26291 

27202 
27e11 

27226 
27238 
272¢46 


16/7 9/72 
720 


SVA 


404.8 
385.8 
36804 
35120 
26263 
242.7 
210.7 
189.0 
167.3 
154.3 
148.3 
143.4 
1396 
131.9 
119.7 
110.3 
102-5 

8920 

78.9 

TUS 


DELTA 
D 
Q's'0 
0.40 
0078 
te14 
12674 
2 S37 
2.95 
3244 
3.88 
4228 
4.66 
5-C2 
5.38 
6205 
7231 
Be45 
9251 
11.41 

13.07 
14.58 


POT. 
EN 
0.0 
0-02 
0-08 
0.17 
0241 
0-81 
1.2.32 
1-89 
2251 
3elT7 
3289 
4.68 
5254 
7243 
11.290 
17014 
23.05 
36257 
$1.80 
68.67 


SOUND 


isole 
1498. 
1496.6 
1493.6 
1481. 
1478-6 
1479.6 
1480. 
1482. 
1482.6 
1481 e 
1480. 
1480. 
1479 6 
1478.6 
1477. 
1478.6 
14796 
1480. 
1482. 


TEMPERBFURES «E 
u 8 le 


300 


(aa) 

600 

fo 

fh i 

me. 

w 

WSO REF. NO. 72 - 

Oz . 
U8-51.0 N 128-U0.0 W 

1200 MO.-9 DAY-16 GMT-11.0 
SALI NATTY. Of 6G 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITICN 


FS a 
48-S51-¢0Ne 


RESULTS OF STPCAS® 


PRESS 


ie) 

10 
20 
30 
50 

¥ An 
100 
125 
150 
pe Ao 
200 
rd da’ 
250 
300 
400 
500 
600 
B00 
1000 
1200 


TEMP 


14.228 
14.21 
14.206 
11.63 
7266 
7226 
7052 
7238 
7228 


6282. 


6250 
6245 
6207 
5.79 
4097 
4258 
4238 
3086 
3237 
2095 


SAL 


31-90 
31-91 
31-93 
32e12 
32 256 
32-80 
33239 
33269 
33483 
33288 
323-90 
33-97 
33296 
33-99 
34.202 
34212 
34s 20 
34231 
34239 
34045 


5 


128-40 -OW 


DEPTH 


0 
10 
20 
30 
50 
75 
939 
124 
149 
174 
199 
223 
248 
298 
397 
496 
5935 
7933 
991 
1188 


43 


DATE 16/7 9/72 


GMT 11.0 
265 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
T 
23-76 
23.78 
23-83 
24245 
25443 
25268 
26011 
26236 
26248 
26.258 
26265 
26271 
26275 
26-81 
26292 
27-05 
27213 
27228 
27239 
27248 


SVA 


414.8 
41361 
40869 
3502 
25604 
2336 
2) 6.5 
169-8 
158.3 
148.8 
14322 
138.0 
134.1 
12961 
11824 
10722 
9929 
87-6 
TT 04 
6926 


DELTA 
D 
0-0 
0241 


0<a3 


1222 
1279 
2240 
20394 
3239 
3280 
4.218 
4.255 
4290 
5224 
590 
Vel2 
8e25 
9e29 
11.216 
12280 
14.27 


POT e« 
EN 
020 
02-02 
0-08 
0-18 
0242 
0.280 
1.28 
1.79 
2237 
3200 
3270 
4246 
5228 
713 
11.50 
16.266 
2245 
35276 
50.80 
67221 


SOUND 


1501. 
1501. 
1501. 
1493. 
1479-6 
1478. 
1481. 
1481. 
1481. 
1480. 
1479.6 
1479 ¢ 
1478. 
1478. 
1476. 
1476.6 
1477-6 
1478. 
1480. 
1481. 


44 


LRP SRA eC sot 
W 8 Pe 


300 


‘aa 
600 
hl 
i 
2") 
a 
wWIJO0 REF. NO. 72 - 
8 ha 
U9-2.0N 130-40.0 W 
L200 MO.-39 DAY-16 GMT-17.7 
130055 35 35 3 
SALINITY, 0/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITICN 


49- 


72- 7- 
2e0ONo 


RESULTS’ OF STP CAST 


PRESS 


0 

10 
20 
30 
S50 
75 
100 
L235 
150 
a=) 
200 
2es 
250 
300 
400 
500 
600 
B00 
1000 
1200 


TEMP 


16.09 
16208 
16.208 
1532 
38286 
6079 
6256 
6269 
62073 
6047 
62024 
5e78 
5052 
5203 
4260 
4.220 
4e 19 


cw ad 


3227 
2087 


SAL 


22436 
32.36 
32.36 
32.41 
32.55 
32-71 

32.93 
33.32 
33.66 
33.76 
33.85 
33.87 
33.88 
33.93 
34.03 
34.14 
34.22 
34.33 
34.41 

34.46 


DEPTH 


0 
10 
20 
30 


130-40.0WwW 
257 POINTS TAKEN FROM ANALOG TRACE 


45 


DATE 


ler’ S712 


GMT 17e7 


SIGMA 
T 


23472. 


23473 
23273 
23-93 
25425 
208 OT 
25288 
26216 
26242 
26254 
26 264 
26271 
26675 
26285 
26298 
27210 
27017 
27231 
27 042 
27249 


SVA 


41824 
418.7 
418.9 
39926 
274 e2 
23465 
21428 
1882 
16326 
153e2 
143.29 
13720 
13362 
124.25 
1132 
101 26 
9623 
84.4 
7426 
6820 


DELTA 


D 
020 


~ 00242 


0284 
1e25 
1290 
2e53 
3209 
3059 
4.C3 
4242 
4.60 
5e15 
5249 
6213 
7e31 
8-38 
9236 
11.217 
12¢76 
14.220 


POT. 
EN 
0-0 
0202 
0.09 
0.19 
0245 
0285 
1.35 
1.92 
2053 
3219 
32990 
4.67 
5248 
7029 
11248 
16.238 
21.89 
34-77 
49232 
65236 


SOUND 


1508. 
1508-6 
1508. 
1506. 
1484. 
1476. 
1476. 
1478. 
1479. 
1478. 
1478. 
14766 
1476. 
14756 
1475. 
1475-6 
1476.6 
1478. 
1479-6 
1481. 


300 


DB 


G00 


FA Eee) Free, 


fe 3 
SALE BN ET 


TEESE nae ntaes aie 
4 8 RZ. 


Her. NUS fer 


UW9-10.0 N 132-40.0 W 


MO So" UM ey GM hoi 


3 
2 OAOW 


OFF SHORE QCEANOGRAPHY GROUP 


REFERENCE NO-e 
POSITION 


72- 7 
49-1040N>. 


RESULTS OF STP CAST 


PRESS 


0 

10 
20 
30 
50 
75 
100 
125 
150 
i7S 
200 
22D 
250 
300 
400 
590 
600 
800 
1000 
1200 


TEMP 


15e¢55 


15254 
135653 
1333 
3e75S 
6207 
5e52 
5e51 
5251 
532044 
Sar 
4294 
4.269 
4.239 


4202 


3284 
3271 
3037 
3201 

2265 


SAL 


32248 
32248 
32048 
32.255 
3265 
32270 
32071 
32.97 
eies3 
3367 
33278 
33283 
33.85 
33-89 
33-99 
34.209 
34218 
34631 
34.239 
34245 


132-40 .0W 
246 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
S50 
75 
99 
124 
149 
174 
199 
ees 
248 
298 
so7T 
496 
235 
793 
990 
1188 


47 


DATE 17/7 9/72 


GMT 


SIGMA 
T 
23494 
23294 
23294 
24246 
25234 
25275 
25-83 
26204 
26232 
26260 
26272 
26278 
26282 
26-89 
27.200 
27611 
27019 
27232 
27 042 
27-50 


120 


SVA 


398e1 


39B8e4% 


3985 
34925 
265042 
22601 
21922 
199.7 
iq@Se3 
14669 
13528 
13022 
12624 
12042 
109eS 
10069 

939 

8220 

7305 

6644 


DELTA 


D 
OC 


. 0240 


0280 
1219 
1.78 
2238 
3246 
3293 
42433 
4.€8 
5e 02 
52 24 
5eS5 
7e1O 
8e16 
9e13 
10.87 
12242 
13282 


POT. 


EN 
0-90 
0-02 
0-08 
0-18 
0242 
0-80 
1229 
1.90 
2e55 
3e21 
3089 
4-260 
52338 
ary 

11.18 

16.03 

21647 

33289 

48204 

63273 


SOUND 


15066 
1506.6 
15066 
1499. 
1484. 
1474. 
1472. 
1472. 
1473.6 
1474. 
1473. 
14736 
1472. 
14726 
1472. 
1473. 
1474. 
14766 
1478. 
1480. 


300 


DB 


600 


CO 
C 
© 


PAE SOURE, 


1200 


1S00s, 


Be 
SALINI 


LEMPERARAULO RIE » eb 
Lt 8 le 


RARER es NOS 7a = 
90-0.0 N 145-0.0 W 


NO3-3! DAVES GHT-23 25 


3 
¢ U/UE 


a 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
POSITIGCN 


6 da 


Te" T= 
OeONes 


RESUGCTS OF STP” CAST 


PRESS 


0 

10 
20 
30 
50 
&S 
100 
25 
150 
MES 
200 
225 
Pee 
309 
400 
S00 
600 
800 
1000 
1200 


TEMP 


13239 
340 
13.40 
T2758 
6263 
5.208 
4e21 
Sell 
4e9!1 
4.65 
4.54 
4.235 
4.18 
4e14 
3293 
371 
3254 
slF 
286 
2260 


SAL 


32093 
3253 
32253 
32eb5S 
32071 
32278 
3286 
33652 
33268 
33075 


‘33-81 


33-85 
33285 
33292 
34204 
34e12 
34219 
34230 
34.38 
34244 


145-> 


DEPTH 


0-«0wW 
240 POINTS TAKEN FROM ANALOG TRACE 


49 


DATE 19/7 9772 


“GMT. 2305 


SIGMA 
ui 

24243 
24243 
24443 
24256 
25269 
25293 
26-C9 
26251 
26266 
26275 
26281 
26286 
26288 
26494 
2 e085 
27214 
27221 
27234 
27 043 
27250 


SVA 


ID Ped 
351.8 
3E201 
JO Die 
23129 
208-8 
194.0 
154.3 
140.3 
132.6 
127.20 
122.22 
12065 
11523 
EG S'e"s 
9726 
9126 
80.4 
T7205 
6661 


DELTA 
D 
020 
0235 
0270 
1-C5 
1-260 
2015 
ae6S 
3209 
3245 
3279 
4e12 
4243 
4273 
5e32 
6242 
7043 
8-37 
10.C8 
11.269 
12298 


POT. 
EN 
0-0 
Oe 02 
0207 
0.16 
0238 
0273 
1.18 
1267 
2218 
2ers 
3237 
4.04 
4.78 
6042 
10.34 
14.97 
20424 
322239 
46233 
61230 


SCUNND 


1499. 
1499. 
1499. 
1498.6 
14756 
1470. 
1466. 
1472. 
L471. 
1471. 
1471. 
1470. 
1470. 
L471. 
1472. 
1473. 
1474, 
1476. 
1478. 
1480. 


300 


DB 


600 


CO 
C») 
C 


PIRES SURE,, 


TERRE RE Riess. vec 
a 8 12 


REP. NO. 72 = 7 = a0 
90-0.0 N 145-0.0 W 


N6.=S DAyYeed ENT-e3 76 


33 
1 


32 3 
SALINITY, 8/08 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITICN 


SsOo- 


[2— 7 
OeONo 


RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
50 
TS 
100 
i2S5 
150 
iTS 
200 
225 
250 
300 
400 
500 
600 
BOO 
1000 
1200 


TEMP 


12292 | 
12092 : 
12.92 . 


12291 
6205 
4275 
4235 
S032 
5202 
4.75 
4264 
4246 
4-32 
3284 
3287 
3274 
3252 
3216 
2.85 
2aé2 


SAL 


3256 
32256 
3256 
32256 
3278 
32279 
33215 
33.68 
3376 
33279 
33-83 
33285 
33-86 
Silo 89 
34204 
34e13 
34-220 
34032 
34239 
34244 


10 
145- 0.0W 


OEPTH | 


51 


DATE 21/7 9/772 


. GMT 2345 
206 POINTS TAKEK FRGM ANALOG TRACE 


SIGMA 
T 

24254 
24254 
24254 
24.55 
25282 
25-68 
26.31 
26 262 
26072 
26677 
26.81 
26285 
26087 
26694 
27.06 
27014 
27622 
27235 
27244 
27-50 


SVA 


34001 
34026 
34928 
34009 
21926 
20426 
1736 
144.6 
135-5 
13066 
126.6 
123.27 
121.4 
114.26 
104.3 

9704 

$025 

79-C 
71 08 
6643 


DELTA 
0 
020 
0-34 
0.68 
1.202 
1.53 
2206 
2254 
2293 
3228 
3e€1 
3293 
4225 
4.255 
Sel4 
Se Fae 
7224 
8.18 
9286 

11.236 

12275 


POT. 
EN 
020 
0202 
0207 
O02«16 
0.36 
0.70 
1.12 
1.57 
2206 
2061 
3022 
3290 
4264 
6028 
10.15 
14.78 
20-04 
32200 
45275 
61227 


SOUND 


1498.6 
1498. 
1498. 
1498. 
1473. 
1468. 
1467. 
1473.6 
1472. 
1471. 
1471. 
1471. 
1471. 
1470. 
1472. 
1473.6 
1474. 
1475. 
14786 
1480. 


DB 


PREDOMI , 


es 


150 


NM 
A’. 
Ul 


300 


374 


Jé 
SALINI 


TEMPERALSRE,. 
ul 8 I 


REY NGe fe = = kt 
70=0;0 N 145=-0.0 W 


MOs=93 DAT=23 GHT=a675 


33 
Th 


5 
¢ OF Oe 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO-} 
POSITICN 


50-. 


72- 7- 
OceONoe 


RESULTS OF STP CAST 


PRESS 


0) 
10 
20 
30 
50 
1S 
100 
1525 
150 
175 
200 
225 
250 


TEMP 


12246 
12.45 
12.244 
12243 
6016 
5206 
4.259 
5-18 
5293 
4285 
4263 
4242 
4-36 


SAL 


11 
145- 


DEPTH 


124 
149 
174 
199 
223 
248 


0.0wW 


<8 


DATE 23/4 G/72 


GMT 185 
151 PGINTS TAKEN FRGM ANALOG TRACE 


SIGMA 


7 
24.65 
24.65 
24.65 
24.65 
25677 
25294 
26011 
26.56 
26270 
26076 
26281 
26085 
26.87 


SVA 


2wD~. 2 
330-4 
3305 
330026 
22309 
207-9 
192.0 
149.8 
136.9 
13146 
1272 
123¢6 
121.3 


DELTA 
D 
Oe 0 
0233 
0266 
0299 
1.53 
2207 
258 
32090 
3236 
3269 
4.01 
4-233 
4263 


POT « 

EN 
020 
0292 
0207 
00.15 
0037 
O71 
1216 
1264 
2e14 
2e70 
331 
3299 
4273 


SOUND 


1496. 
1496. 
1496 6 
1496.6 
1474. 
1470. 
1468. 
1472.6 
1472. 
1472. 
1471. 
1471.6 
1471. 


TEMPERATURE, C 
ul 8 be 


300 


‘aa 
600 
a 
OL 
=) 
a 
W900 REF. NO. 72 - 7 - 13 
QO, 
50-0.0 N 145-0.0 W 
Lec00 MO.-9 DAY-25 GMT-23.2 
SALINITY, O/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO.e 
POSITION 50- 


72- 7- 
Oe ON. 


RESULTS OF STP CAST 


PRESS TEMP 


0 12.53 
10 12234 
20 12232 
30 12231 


50 72017 

75 S077 
100 4.65 
L265 4227 
150 4.263 
175 42 8&3 
200 4-250 
225 4228 
250 4215 
300 4.208 
400 3281 
S00 Set 3 
600 3251 
8C0 3219 
1000 2289 
1200 2264 


SAL 


32256 
32257 
32e57 
3257 
32275 
32.79 
32279 
33227 
33-68 
33278 
33282 
3382 
33-86 
33290 
34202 
34ell 

34220 
34231 

34238 
34243 


13 
145- 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


0-0W 


DO 


CATE 25/ 9/72 


GMT 2342 
206 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
iv 
24262 
24266 
24-67 
24.67 
25265 
25286 
25299 
26041 


26670 


26275 
26282 
26 284 
26289 
26293 
27205 
27213 
27222 
27234 
27242 
27249 


SVA 


3329 
32962 
32940 
32961 
23506 
21528 
203-8 
164.1 
13762 
13220 
12526 
1237 
11927 
11662 
10522 

$8.6 

90.3 

8022 

T7302 

67-5 


DELTA 
D 
0.20 
0-33 
0266 
0299 
1.256 
2e12 
2-65 
3e12 
3049 
3283 
4.215 
4.46 
4277 
5e36 
6 «46 
7048 
8.43 
10¢12 
11.265 
13.05 


POT. 
EN 
0-0 
0-02 
0207 
0215 
0238 
0274 
1220 
1675 
2026 
2082 
3243 
4e11 
4284 
6250 
1043 
150e12 
20239 
32244 
£6242 
62e12 


SOUND 


1496. 
1496. 
1496. 
14966 
1478. 
1472. 
1468. 
1468. 
1470. 
1472.6 
1471. 
1470. 
1470. 
1471. 
1471. 
14736 
1474. 
1476. 
1478. 
1480. 


DB 


PRESSURE. 


sees 


ligand 


AS 
NM 
CU] 


300 


37335 


32 
SALINI 


[abel Vedat bihdow bade.s rene 
t 8 Me 


AEF ING. te = ¢ -\iu 
6O-0.0 N 145-0.0 NW 
MO..=9 (BAe (GM 16227 


33 
TY 


3 
» WARD 


GFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO-e 
POSITION 


So= 


72- 7- 
Oe ONe 


RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
50 
75 

100 
¥25 
150 
t75 
200 
eS 
250 


TEMP 


12.65 
12260 
12.648 
12247 
6-268 
4292 
4203 
4223 
4.78 
4-284 
4267 
4.18 
4215 


SAL 


32-56 
32-56 
322256 
32256 
32273 
3278 
32282 
33633 
33468 
332478 
33-281 
33.81 
33283 


02e0W 
171 POINTS TAKEN FRCM ANALOG TRACE 


DEPTH 


0 
10 
20 
30 
S0 
tS 
99 
124 
149 
174 
199 
223 
248 


57 


CATE 27/ 9/72 


GMT 177 


SIGMA 
T 
24.260 
24-261 
24.2€3 
242-63 
25270 
25-95 
262-07 
26246 
26268 
26275 
26279 
26285 
26287 


SVA 


33501 
334.7 
232.7 
3327 
23027 
20,7ie:2 
19504 
159.2 
13826 
13220 
128.4 
123-5 
1215 


DELTA 


D 

020 
0.33 
0.67 
1.00 
1.57 
2ell 
2261 
3eC7 
3043 
Sa tak 
4.269 
4241 
4-272 


POT. 
EN 


020 

0-02 
0-07 
0e15 
0-38 
0272 
1217 
1269 
2e20 
2276 
3238 
4206 
4.81 


SOUND 


1497. 
1497. 
1496-6 
1497. 
1476.6 
1469. 
1466. 
146Be 
1471 e 
14726 
1471. 
1470-6 
1470. 


300 


DB 


600 


CO 
© 
C 


PRESSURE. 


1200 


Lo00s 


32 
SALINI 


58 


TEMPER GRE? se 
= 8 M2: 


Per. NO v2 - 4 => ALG 


50-0.0 N 145-0.0 W 


MO.-10 DAY-3 GMT-23.5 


3 
» OFO0 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. 
POSTTICN 


50- 


(i ie = 
O20. 


RESULTS OF STP CAST 


PRESS 


) 

10 
20 
30 
50 
v3 
100 
reo 
150 
ins 
200 
e225 
250 
300 
400 
500 
6c 0 
800 
1000 
1200 


TEMP 


11.268 
11.66 
11.58 
Pre57 
8e10 
Se 10 
4e29 
4242 
50217 
5e1l3 
4.89 
4.268 
4254 
4.00 
3-80 
3269 
3250 
3014 
2<8&3 
2057 


SAL 


32256 
32-<56 
3256 
3256 
32¢67 
32077 
32280 
33.230 
33267 
33-78 
33482 
33284 
33285 
33289 
34.203 
34012 


34019. 


34.32 
34239 
34645 


145- 0.0w 
197 POINTS TAKEN FROM ANALOG TRACE 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 
124 
149 
174 
199 
223 
248 
298 
397 
496 
595 
793 
990 
1188 


og 


DATE 


3/10/772 


GMT 2365 


SIGMA 
1 
24278 
24.278 
24-80 
24.80 
25246 
25292 
26204 
26242 
26263 
26272 
26.278 
26282 
26284 
26293 
27206 
27014 
27222 
27-35 
27044 
27.251 


SVA 


217.28 
317-8 
31666 
316.7 
254.3 
20908 
1S$&.5 
163.3 
143.6 
135.5 
130.1 
12665 
124.2 
11662 
104.6 

976 

9029 

7828 

71,4 

6524 


DELTA 


D 
OC 
0.32 
0.63 
0eS5 
1.57 
2e11 
2263 
3209 
3648 
3283 
4.216 
4.248 
4.279 
5239 
6249 
7250 
Be 44 
10212 
11.62 
12.99 


POT. 
EN 
020 
0202 
0.06 
0215 
0240 
0074 
1.20 
1.272 
2027 
2285 
3248 
4217 
4e92 
6260 
10.253 
15615 
20440 
32238 
46209 
E1246 


SOUND 


1493. 
1493. 
1493.6 
1493. 
1481. 
14706 
1466. 
1468. 
1472. 
1473.6 
1472. 
1472. 
1472. 
1470.6 
1471. 
1473.6 
1473. 
1475.6 
1477. 
1480. 


DB 


PRESSUHE } 


aS 


130 


MO 
M 
OU) 


300 


3735 


32 
SALINI 


LEMBERA LURE, rexb 
a 8 ee 


rOrr®, BINGHe: 82 fo 
J0-0.0 N 145-0.0 W 


Mos tO oA 6 Pon oer 


33 
1. 


3 
, 8700 


OFF SHORE OCEANOGRAPHY GRCUP 
REFERENCE NOe 
PuSttT Lon oO 


72- 7- 
OO 


RESULTS OF STP CAST 


BRESS TEMP 


0 Lies 76 
10 11274 
20 Fis7s 
30 11.73 
aU 10.223 


TS 4287 
100 4.12 
i253 3e 8&4 
rau 4.99 
a 3203 
200 4.77 
oe 4262 
250 4.237 


SAL 


32254 
32.55 
3255 
32255 
Jeso9 
32278 
32-81 
33-07 
33266 
3236/78 
33279 
33282 
332834 


0.0wW 
147 POINTS TAKEN FRCM ANALOG TRACE 


DEPTH 


0) 
10 
20 
30 
50 
75 
99 

124 
149 
174 
199 
223 
248 


61 


DATE 


6/107 72 


GMT 18e¢5 


SIGMA 
T 
24.75 
24-76 
24.76 
24277 
25-06 
25296 
26206 
26229 
262E4 
26273 
26477 
26-81 
26285 


SVA 


2eGe€ 
319e9 
32020 
31929 
292 04 
20626 
1S66.S 
174.9 
142.9 
13462 
130.6 
12761 
Vese3 


DELTA 
D 
Oo 
0.22 
0264 
Oe $6 
1260 
2216 
2266 
3214 
Aaa 
3287 
4.20 
4252 
4.84 


POT. 

EN 
0-0 
0202 
02.07 
02.15 
0.41 
0276 
1e21 
1.75 
2230 
2287 
3250 
4220 
4295 


SOUND 


1494. 
1494, 
1494. 
1494. 
1489. 
1469-6 
1466. 
14666 
14726 
1472.6 
1472. 
1472. 
1471. 


DB 


PRESSURE , 


TEMPERATURE, 4 
a 8 le 


735 


150 
Lee REF. NO. 7e - 7 - 118 
$0-0.0 N 145-0.0 WH 
300 MO.-10 DAY-8 GMT-17.5 
37935 35 35 3 
SALINITY, 0/00 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITICN 


SsOo= 


7T2- 7- 
O42 ONeo 


SESULTS OF STR LAST 


PRESS 


0 
10 
20 
30 
50 
Ts 
Pes 
tes 
£40 
ty 3S 
200 
220 
250 


TEMP 


11-263 
11262 
11262 
11262 
Be 54 
4297 
3087 
4.269 
5026 
Se 16 
4284 
4252 
4631 


‘SAL 


Pre 
32653 
3253 
seg 
32655 
32278 
322¢84 
33450 
3376 
33-81 
33233 
Pe es 


O.Ow 
133 POINTS TAKEN FROM ANALOG TRACE 


Ber Tr 


63 


CATE 


8/10/72 


GMT 1725 


SIGMA 
T : 
24276 
24e77 
24.77 
24477 
25439 
25eS5 
26611 
26255 
26269 
26474 
26279 
26-83 
26685 


SVA 


31961 
31904 
219.6 
319.5 
26965 
20%.% 
192.2 
150.8 
138.2 
13303 
128.8 
124.8 
123.2 


DELTA 
D 
020 
0232 
0.64 
02956 
1.59 
2e15 
20e65 
3eC7 
3043 
3077 
4.10 
4242 
4.73 


POT. 

EN 
020 
0292 
0.07 
0215S 
0241 
0276 
1.20 
1.69 
2el¥9 
2<e75 
3238 
4.06 
4281 


SCUND 


1493. 
1493.6 
1493. 
1494. 
14836 
1469.6 
14656 
1470. 
1473-6 
1473.6 
1472.6 
1471.6 
1471. 


DB 


PRESSURE; 


300 


GOO 


CO 
ee 
=a, 


3e 
SALINI 


TERE UTES! sis 
4 8 le 


RIBR IND. Wie = qa 


50-0.0 N 145-0.0 W 


M6..-10 DATS ‘Ghl-28..> 


3 
» O/OO0 


65 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO. V72— 7— 20 DATE 9410/72 


POSITICN SO- O«cONe 145—- 020W GMT 23-5 


RESULTS OF STP CAST 170 POINTS TAKEN FROM ANALOG TRACE 


PRESS TEMP | SAL DEPTH SIGMA SVA 


T 
0 11253 32-55 0 24680 31569 

10 11.253 32.55 10 24280 21643 
20 11.53 32-55 20 24280 316-5 
30 11.52 32-55 30 24280 31626 
50 8-53 32-67 50 25439 26054 
75 4294 322-78 75 25°95 2074 
100 4209 32282 99 26507 “1S5.9 
125 3290 33-04 124 26026 17767 
150 4097 33-62 149 262e61 145.25 
175 5025 33.78 174 26-70 136-9 
200 4.88 33.83 199 260279 12869 
225 4e71 33.86 223 26683 12564 
250 4230 33-85 248 . 26687 12165 
300 4.02 33290 298 26094 11506 
400 3280 34.02 _.""397 27206 10465 
5C0 3269 34012 496 27214 97-3 
600 3053 34.19 595 27022 90-9 
800 3218 34032 793 27235 7924 
1000 2288 34.38 990 27 042 73-0 


1200 20264 34244 1188 27-50 6667 


DELTA 
D 
Oso 
0.32 
0263 
0.5 
1.57 
2545 
2063 
3210 
349 
3.84 
4017 
4049 
4-80 
5.239 
6249 
7650 
8.44 
ADE 13 
11266 
13.05 


POT e 
EN 
0-0 
0202 
0-06 
0215 
0240 
075 
1.2.20 
1273 
2029 
2286 
3250 
4.218 
4293 
6259 
10.50 
15012 
20236 
32043 
46.36 
€1.99 


SOUND 


1493. 
1493. 
1493. 
1493. 
1483. 
1469.6 
1466. 
1466.6 
1471. 
1473. 
1472. 
1472. 
1471. 
1470. 
1471. 
1473. 
1474, 
1476.6 
1478. 
1480. 


DB 


PRESS Ones 


ao 


150 


NM 
NM 
U1 


300 


3/355 


ae 
SALINI 


TEMPERA PURE, 4b 
u 8 ie 


REF. ANG. Fle -- Lae 4) | 


PO-O.0 N 145-0.0 NW 


M0 210 CGAY! GPG. G5 


3 
» (OAR0 


OFFSHORE QCEANOGRAPHY GROUP 


REFERENCE NOe 
POSI(IT(ICn 


S0= 


72- 7- 
OeONe 


RESULTS OF STP~ CAST 


PRESS... 


0 
10 
20 
30 
50 
3 

1900 
2s 
156 
175 
200 
2a 
220 


LEME 


11244 
11.244 
11244 
11244 
7e26 
5e16 
4202 
4e 36 
5218 
5208 
4-270 
4249 
4228 


SAL 


32256 
32605 
32255 
32255 
32264 
22060 
322284 
x Fe I 
33-76 
33482 
33284 
33285 
332835 


21 
145-°0.0w 


DEPTH 


0 
10 
20 
30 

“50 
75 
99 

124 

149 

174 

199 

223 
248 


67 


DATE 117 16/ 72 


GMT 17S 
120° POINTS TAKEN FRCM ANALOG TRACE 


SIGMA 
T 

24282 
24.282 
24282 
24.282 
25255 
25294 
26209 
26248 
26269 
26276 
26281 

26285 
262-87 


SVA 


oY MGI «| 
314.5 
314e9 
314.6 
245 02 
208 e2 
193.7 
157.8 
L375 
132-0 
126-5 
12367 
121.6 


_DELTA 


D 
OeC 
Oell 
0263 
00eS4 
1256 
2019 
2eE€1 
3205 
3241 
OT de 
4eC7 
4238 
4269 


POT. 

EN 
0-0 
0-02 
0.06 
0«14 
0239 
0274 
1.19 
1270 
2220 
eof 9 
3237 
4.205 
4.79 


SOUND 


1492. 
1493.6 
14936 
1493.6 
147%. 
1470.6 
1466. 
1468. 
1473. 
1473. 
1471. 
1471. 
1471. 


DB 


PRESSURE, 


ees 


130 


A’ 
AD 
VU] 


300 


3/355 


3¢€ 
SAL LIN 


LEVREBRLURE yak 
i 8 l2 


Lo 


AEF. NO. Ye = 4 = Vee 
50-0.0 N 145-0.0 W 


MO.-10 DAY-13 GMT-18.5 


3 
, B7OU 


CFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 72- 7—- 22 DATE 13710772 
POSITICN 5SO- QeONe 145- O60W. (GMT 1865 
RESULTS OF STP CAST 147 POINTS 
PRESS TE MP. © AL DEPTH SIGMA SVA 
) 1189 32252 9) 244747 32444 
10 11.88 32652 10 Mae TL) Seale? 
20 thie? 72.53 20 207TS IDA 
30 11.86 32.53 30 PUNT? 3eANw 
50 7203 32669 59 BALIN 239.2 
75 5239 32.79 75 SiGe ACs 
1C0 4075 32.91 99 26207 19568 
125 4-40 23.23 124 26636 16662 
150 4.83 33.68 149 2 eTe 196. 
175 4.70 35a 174 26.073? 1354.5 
20C 4048 334.79 199 Set | TG 
225 4.33 35.4e apis 2a? «1 ahd 
250 aoa 34.84 2427 Bae? (RAs 


69 


DELTA 
Dp) 
%.20 
Oe 32 
0265 
Oven? 
ers 
Aeowtie 
LY ihe! 
360) 
3047 
Syersul 
4el4 
4020 4% 
4276 


TAKEN FROM ANALOG TRACE 


PNT e 
EN 
0.29 
0292 
0.07 
Oneal ts 
0239 
Ow. 74 
1219 
1.71 
2224 
2e31 
3044 
4ele 
4.865 


SGN 


1494. 
1494. 
1494. 
1494, 
1477. 
1471. 
1469. 
146. 
1471. 
Valitse 
1471 6 
1475. 
1470.6 


300 


DB 


600 


CO 
eS, 
C 


BHESSUBE, 


1200 


15005, 


32 3 
SALINIT 


POMPEU Eee 
LU 8 We: 


REE. «NGO. 72e- ¢ - ell 


290-0.0 N 145-0.0 W 


MOU- TOCDR+TESGNT-2395 


3 
il 


3 
,» O08 


OFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
POSITICN 


rt Dd 


72- 7- 
OeO0Ne 


Eaves UF ATP CAST 


Pee oo 


fe) 


10 
20 
30 
50 
75 
100 
t295 
i150 
Lt 
200 
Pap dee’ 
250 
300 
400 
500 
600 
800 
1900 
1200 


TEMP 


11-261 
11.61 
11.61 
11262 
19296 
ee | 
4263 
4625 
4-210 
4.38 
429 
4.217 
4e12 
4213 
3-97 
3268 
3eS1 
3e19 
2-89 
2e€3 


SAL 


3248 
32-48 
32249 
32249 
32055 
32.80 
3282 
33201 
33439 
332609 
33-75 
33-79 
33283 
33292 
34206 
34-14 
34220 
34231 
34238 
34245 


145- 
191 


DEPTH 


0.0W 
POINTS TAKEN FROM ANALOG TRACE 


71 


DATE 18/10/72 


GMT 23-5 


SIGMA 
T 

24273 
24273 
24274 
24273 
24.290 
252593 
26-01 
26 220 
26052 
264673 
26279 
26283 
26287 
26054 
272C? 
27216 
27e22 
27234 
27 043 
27250 


SVA 


32264 
322 0€ 
32204 
s2z2ze8 
307 04 
2082-8 
201.23 
1834 
153-5 
13347 
128e9 
124.5 
121.6 
11562 
104.20 
9526 
903 
8Ce2 
7228 
665 


DELTA 


D 
Oe C 
0232 
0264 
Os S7 
1.2.60 
2218 
2269 
I Og 
3259 
3eS5 
4.228 
4655S 
4.90 
5249 
6.53 
7259 
8251 
10.21 
11274 
13212 


POT e 
EN 
020 
0202 
0.07 
Oe kD 
02041 
Oe77 
1.23 
1278 
2236 
2295 
Siero 
4.26 
5200 
6-65 
105.55 
1S<6iS 
20-33 
322244 
46.37 
61.91 


SCUND 


1493. 
1493. 
1493. 
1493. 
1492-6 
1470. 
1468. 
1467. 
1468. 
14706 
1470-6 
1470. 
1470. 
1471. 
1472. 
1473.6 
1474. 
1476. 
1478. 
1480. 


PRESSURE, 


Pe MPE RA UE pe 
Lo, 8 le 


the 


150 

iat REF. NO. 72 - 7 - \e5 
50-0.0 N 145-0.0 W 

300 MQ.-10 DAY-20 GMT-17.? 

37337 35 35 3 
SALINITY, 0/00 


DFF SHORE OCEANOGRAPHY 
REFERENCE NO-e 
POSITICN 50=— 
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SURFACE SALINITY AND TEMPERATURE CRSERVATICNS 
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SURFACE SALINITY AND TEMPERATURE OBSERVATIONS 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-72-8 
(CODC REFERENCE NO. 15-72-008) 
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SURFACE TEMPERATURE OBSERVATIONS 


(P-72-8) 
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OCEANOGRAPHIC DATA OBTAINED ON CRUISE P-72-9 
(CODC REFERENCE NO. 15-72-009) 
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RESULTS OF BOTTLE CASTS 
(P-72-9) 
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Figure 11 Composite plot of salinity vs 1094, depth. P-72-9. 
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Figure 12 Composite plot of oxygen vs log]9 depth. P-72-9. (See note 
in Programme of Observations P-72-9. ) 
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SALINITY DIFFERENCE, BOTTLE - STD. %o0 
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Figure 13 Bottle - STD salinity value difference profiles. P-72-9. 
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TEMPERATURE DIFFERENCE 
REVERSING THERMOMETERS-SID.(°C) 
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Figure 14 Temperature difference reversing thermometers - STD. 
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32064 
32025 
316.20 
24726 
23069 
1985S 
175-8 
1644 
156-1 
1524 
148.0 
143.5 
135-0 
T2135 
112.9 
1026S 
B89 24 
7826 


DELTA 
y 
0.0 
0232 
Oo€4 
0«S6 
1.52 
2e11 
2065 
Sell 
3e£3 
3293 
4232 
4269 
5 «C6 
Se 76 
7eC4 
Be2l 
De 29 

11.221 
12¢90 


POT « 
EN 
020 
0202 
02.07 
0015 
0237 
0e75 
1.222 
1.75 
2235 
3.01 
3075 
4256 
5244 
7240 
11.97 
17232 
23-438 
37-01 
£2048 


SOUND 


1488. 
1488. 
1488. 
1487. 
1479. 
1479. 
1482. 
1482. 
1482. 
1481. 
148C. 
1479. 
1479. 
1478. 
1478.6 
1478. 
1478. 
1478. 
1480. 


DB 


PRESSURE ; 


300 


600 


CO 
C 
=, 


ae 
SALINI 


112 


EMBER ORE sea5l 
Lt 8 l 


More ING. fe = 
48-4H6.0 N 127-40.0 NW 


MO. —1e WAS MONT 7 


3 
, WOADD 


OFFSHORE QCEANOGRAPHY GRCUP 


REFERENCE NO-e 
FOSTTICN 


PRESS 


fe) 

10 
20 
30 
50 
Rots 
ine 
1.25 
150 
17.5 
200 
aed 
2a0 
300 
400 
sc9 
600 
800 
1000 
1200 


Te Go 


48-464.0N- 
RESULTS OF STP CAST 


TEMP 


Qe €.3 
9-62 
Ge 64 
9266 
7el7 
7023 
7247 
7e25 
6093 
6262 
Se 38 
6e12 
5-286 
5254 
4.99 
4.260 
4225 
3293 
3235 
2092 


SAL 


32e12 


3213 
32e15 
J3ee16 
3278 
33015 
33261 
SiSie Cal. 
33¢87 
33288 
33291 
33292 
33295 
33298 
34296 
34e11 
34219 
3432 
34040 
34645 


3 


127-40.0wW 


DEPTH 


113 


DATE 


2/12/72 


GMT 11.67 
244 POINTS TAKEN FROM ANALOG TRACE 


SIGMA 
i 
24279 
24280 
24281 
24282 
25267 
25296 
26228 
26244 
262¢56 
262€2 
26267 
26271 
26077 
26283 
26296 
27204 
27214 
27028 
27240 
27248 


SVA 


21626 
21602 
31 5e2 
3415'0,0 
233-6 
20628 
176.4 
162.0 
1S0eEé 
145.8 
141.22 
13725 
leie3 
12604 
11504 
10861 
99 el 
E767 
76 0B 
6924 


DELTA 
D 
Oe 
0.32 
0263 
0eS5 
1.52 
2207 
2255S 
20eS7 
3636 
3073 
4.209 
4e 44 
4.77 
5042 
6eE3 
75 
8.278 

10.66 

12232 

13679 


POT. 
EN 
0-20 
0202 
0206 
Oo1l4 
0238 
0272 
1215 
1.63 
2218 
2e79 
3048 
4223 
5204 
6286 
11.215 
16228 
22208 
35045 
50-e6!1 
67205 


SOUND 


1485.6 
1485-6 
1486.6 
1486. 
1478. 
1479.6 
1481. 
1480. 
1480.6 
1479.6 
1478. 
1478.6 
1477. 
L477. 
1476.6 
1476.6 
L477. 
1479. 
1480. 
1481. 


DB 


rFRESSURE, 


300 


600 


CO 
C 
C 


Je 
SALINI 


114 


Pe ME AUPE 8b 
u 8 


REF. NO. de = 


48-51.0 N 128-40.0 W 


HO... Le ‘DAS GMT =1.5e A 


3 
» DID 


OFFSHORE OCEANOGRAPHY GRCUP 


REFERENCE NO. 
POSITICN 


PRESS 


) 

10 
20 
30 
50 
75 
100 
Le 
150 
Tat 
200 
een 
230 
300 
400 
500 
600 
890 
1900 
1200 


‘e— a 


48-5120» 
Re SULTS OF STP GAST 


TEMP 


9.89 
3290 
Ge Gl 
9e91 
Teen 
7eC9 
7023 
6280 
6e69 
59249 
629 
6291 
Syeve 
5258 
5208 


4269 


4232 
3297 
3047 
3e9C 


SAL 


JZ2e23 
Seee.. 
32223 
32023 
32260 
32209 
sous 

3369 
33279 
33235 
33288 
33290 
323091 

33295 
34296 
34213 
34621 

34.230 
34240 
34044 


4 
128-40.0wW 


DEPTH 


0 
10 
20 
30 
50 
13 
99 

124 
149 
174 
199 
wes 
248 
298 
2 ho I 
496 
oa 
793 
991 
1188 


115 


DATE 


2/12/72 


GMT 1661 
22€ POINTS TAKEA FRCM ANALOG TRACE 


SIGMA 
T 

24283 
24283 
24.283 
24283 
Fe i 
25-93 
26224 
26244 
26254 
2626E1 
26266 
26-71 
26074 
262890 
26454 
27205 
27215 
27226 
27239 
27246 


SVA 


Steele 
213% 1 
31344 
31366 
24728 
20967 
1860.6 
161.9 
15361 
146.7 
142422 
13756 
134.8 
1295 
11667 
107.7 
9&7 
89.25 
77 29 
7120 


DELTA 
9) 
OeC 
0.31 
0263 
0eS4 
ins3 
2019 
2258 
3eCil 
3249 
3e78 
4.14 
4249 
4.283 
5 e49 
6070 
7283 
8286 

10274 

12240 

13689 


POT. 
EN 
020 
0202 
0.06 
O14 
0238 
074 
Ee tg 
1-266 
2<21 
2283 
S% De 
4228 
Se 1 1 
6295 
11.28 
16242 
ececo 
35257 
50281 
67-53 


SOUND 


1486. 
1487. 
1487. 
1487. 
1478. 
1478. 
1480. 
1479. 
1479.6 
1478. 
1478. 
1477. 
1477. 
1477. 
1477. 
1477e 
1477. 
1479. 
1480. 
1482. 


116 


TEMPERATURE ,:--€ 
ul 8 le 


300 


MM 

600 

i s 

oie 

iad 

wD 

WSO REF. NO. 72 - 

al 
u9-2.0 N 130-U0.0 NW 

1200 MO.-12 DAY-3 GMT-0.2 
SALLUNDITNY,. GYGE 


OFFSHORE OCEANOGRAPHY GRCUP 


REFERENCE NO. 
POS TTULGN 
RESULTS “OF 


PRESS 


) 

10 
20 
30 
SO 
Bees 
1co 
P25 
150 
Ey 
200 
ean 
259 
300 
400 
500 
500 
300 
1000 
1200 


72- 9- 

49— PeONe 

STP CAST 

TEMP SAL 
11.200 32eD3 
11200 32254 
11-01 32254 
11-02 32254 
11202 32254 
7e13 32265 
6091 32299 
7221 33249 
7202 33258 
6235 aisiets ¢ 
6205 332-83 
etre 33634 
5042 30085 
5290 33087 
4245 33295 
412 34.05 
3eS7 34015 
3250 34227 
3218 34.237 
ZewllS 34.243 


130-40.0w 
213 POINTS TAKEN FROM ANALCGG TRACE 


DEPTH 


0 
10 
20 
30 
50 
t5 
399 
124 
149 
174 
199 
ees 
248 
298 
He Oy 
496 
295 
133 
991 
1188 


117 


DATE 
GMT 


SIGMA 
T 
24.88 
24-89 
24288 
24.83 
24288 
25-58 
aoe? 
26223 
26232 
26256 
26265 
26270 
26474 
26-81 
26293 
27-C4 
27214 
27228 
27.39 
27247 


3/12/72 


0«2 


SVA 


308.3 
208-20 
30804 
308.7 
320961 
2426.7 
215¢2 
182.3 
17364 
150¢S 
143-0 
13865 
13425 
128.3 
117.2 
Ow 6's 
9962 
86.3 
772C 
7020 


DELTA 


D 
0-0 
Oe 31 
0-62 
0292 
1.54 
2e24 
2282 
3231 
376 
4&e 16 
4252 
4.288 
3e22 
5287 
7210 
Beel 
9224 
112C9 
12272 
14.19 


POT. 
EN 
020 
0-02 
0206 
0014 
0239 
0233 
12.35 
1.91 
2254 
3220 
3290 
4266 
5049 
7233 
11267 
16-280 
22256 
35268 
50.58 
67293 


SCUND 


1491. 
1491. 
1491. 
1491. 
1492. 
147B.6 
1478. 
1480. 
1480. 
1478. 
1477. 
1476.6 
1475. 
1474. 
1474. 
1474. 
1475.6 
1477. 
1479.6 
1481. 


DB 


PRESSURE: 


300 


600 


CO 
(J 
C 


Cia 
SALINI 


118 


heMPERATURE, jeeC 
ul 8 


REF. NO. 72 - 
U9-10.0 N 132-40.0 W 


HO. Le0RAYS3GGMT S725 


3 3 
Tt. O40 


GFFSHIRF OCEANOGRAPHY 
REFRERENCE 
POS TT LOW 


NOe 


72- 9- 
49-10 eONe 


RESULYTS OF SIP*C AST 


“PRESS 


) 

10 
20 
30 
50 
fo) 
100 
125 
150 
ws 
200 
PES 
250 
3:20 
400 
500 
000 
800 
1000 
1200 


TEMP 


10.48 
10247 
10246 
19249 


SAL 


320e453 
3246 
32246 
32247 
32647 
32264 
82072 


(32286 
| 38.026 


332061 
33278 
BB Hie 
32284 
S307 
33468 
34216 
34629 
34233 
34444 


GRCUP 
(3) 


132-40.9W 
160 POINTS TAKEN FRGM ANALOG 


DEPTH 


0 
10 
20 
30 
50 
i) 
99 

124 
149 
174 
LOS 
ce8 
248 
298 
Sire de 
496 
5G5 
WO 
990 
1Le8 


119 


CATE 
GMT 


SIGMA 
T 


24.91 


240252 
24252 
24292 
24292 
25260 
age Ween oheg 
254eS5 
26223 
26.60/51 
26266 
26474 
26479 
26287 
26299 
2720S 
27218 
27231 
27241 
27249 


AS ie ST 2S 


726 


SVA 


30526 
30Se1 
30Se2 
305e1 
30546 
241642 
22023 
20728 
ist &! 
LS 5,<i5 
141.9 
134.5 
1296S 
122.25 
1109 
102-60 
94 07 
B3e4 
7520 
6728 


DELTA 
2) 
920 
Oe 31 
0-61 
092 
1253 
2026 
2283 
S237 
3286 
4228 
42695 
53200 
Dei 
530eS6 
7 ole 
8218 
Gel? 

10.55 
12-254 
13.97 


TRACE 


POT.e 
EN 
0.0 
0202 
0206 
Oel4 
0.39 
0286 
1236 
1.98 
2286 
336 
4.07 
4.232 
5262 
7238 
11.53 
16.39 
21-89 
34260 
49.09 
€5209 


SCUND 


14896 
1489. 
1489. 
1489. 
1490. 
1477. 
14726 
1472.6 
1474. 
1475.6 
1475.6 
1474. 
1473.6 
1472. 
1472. 
1473.6 
1474. 
14766 
1478.6 
1480. 


DB 


PRESSURE, 


300 


600 


CO 
C) 
@) 


12: 
SALINI 


120 


TENR EH Bre. 
Lt 8 


REE. . N@2. 7ee> 


U9-H9.0 N 142-H0.0 W 


MO.-12 DAY-4 GMT-13.4 


3 
» OYE 


CFFSHORE OCEANOGRAPHY GROUP 


REEERENC & 
POSITICN 


PEE SS 


fe) 

10 
20 
30 
50 
42 
ico 
a 
150 
Lis 
200 
MWe 
a0 
300 
400 
50.0 
600 
809 
1000 
12900 


NOe 


72- 9- 


49-4920N,. 
RESULLS OF SUP CAST 


TEMP 


8¢ 80 
3-80 
Be81 
8.81 
3-81 
7294 
4298 
4.265 
a0 CS 
Se 
4095 
4.67 


4.438) 


4205 
3286 
3267 
Es G 
Aiea 
2293 
2065 


SAL 


32051 
ae Sie 
32052 
32052 
A218 2 
32e52 
32269 
322697 
ae pe 8 | 
ove Go 
SiGe Tel, 
aoe 2) 
323285 
33439 
34202 
34012 
34218 
3430 
34.238 
34243 


(é 


142-40-0w 


Lat 


CATE 
GMT 


4/ 12s. 7.2 


1304 


164 POINTS TAKEN FROM ANALOG TRACE 


DEPT 


fe) 
10 
av 
30 
20 
a 
99 
124 
149 
174 
199 
aes 
248 
298 
39% 
496 
595 
49.3 
999 
1188 


SIGMA 
is 

Fao WW cl 
25023 
25023 
25223 
Cems 
25436 
25 «87, 
26013 
26251 
26268 
200 13 
26280 
26285 
26292 
27205 
27014 
27021 
alae 33 
27242 
27249 


SVA 


et S02 
274e¢S 
275062 
27504 
VN Ce | 


26,3 « 5A 


214-27 
190.5 
154.6 
138.8 
134.2 
12825 
123-9 
11667 
10620 
G7e1 
914 
G1eCc 
vlieS 
oe Ar io, 


DELTA 
Dd 
0-0 
Oe 27 
0.55 
0283 
1238 
2206 
2262 
3e14 
356 
3-93 
427 
4.60 
4.S51 
=e | 
6262 
GeGs 
8257 

10e29 

112&4 

13325 


POT e 
EN 
0-0 
Ce01 
0e06 
OFs 153 
0.35 
0.79 
1.29 
1.87 
2247 
3207 
he Kid 
4044 
3e20 
6288 
10.82 
15¢45 
20.0%, 3 
32296 
47.298 
6285 


SCUND 


1483. 
1453. 
1483-6 
1483. 
1484. 
1481. 
1469. 
1469-6 
1472.6 
1473.6 
1472-6 
1472. 
1471. 
14706 
1471.2 
1472.6 
14736 
1476.6 
1478-6 
1480. 


122 


TEMPERATURE, C 
L oe | 


300 


aa 

600 

™ 

Li. 

oe) 

if 

wII00 REF. NOt Yes 

ae 
u9-58.0 N 1U44-58.0 A 

1cQ0 MO.-12 DAY-5 GMT-23.2 
psn | eal eh OS 818 


GCFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NOe 
SIs th TCNn 


PRESS 


G 

1c 
29 
a) 
30 
75 
100 
BES 
159 
175 
290 
cay 
eau 
a0 
400 
500 
600 
80C 
1090 
1200 


72- Q- 


49-583e0N.e 
RESULTS OF STFRITCAST 


TEMP 


7238 
Tes9 
Ytoo 
Teo 
Teat 
6208 
42194 
4e34 
4282 
4279 
4256 
4.235 
4e17 
4.07 
3-81 
326% 
3047 
3-16 
2283 
2260 


SAL 


VEE S 
Se eG 
Be ODO 
32¢56 
3225956 
32259 
Se ode Be ok | 
aoee. 
woe rT? 
33278 
3381 
23234 
atl Sue jhe 
3391 
34.93 
34e12 
34220 
34230 
34.639 
34243 


9 


144-58.0wW 


DEPTH 


0) 
10 
29 
30 
30 
15 
Le Re) 

124 
149 
174 
199 
Cao 
248 
298 
397 
496 
595 
793 
990 
1188 


ize 


DATE 


S4 2/72 


GMT 2342 
204 POINTS TAKEN FROM ANALDNG TRACE 


SIGMA 
4 

25246 
25248 
25243 
25248 
252443 
25467 
26207 
26039 
26069 
Von Mo) 
26.81 
26¢85 
26288 
26094 
efaeGo 
27215 
radi od 
27234 
27 043 
27049 


SVA 


2520¢5 
25168 
2519 
252 01 
25262 
23404 
19528 
16622 
138.1 
131.8 
12762 
1236C 
120.5 
bi5Se2d 
104-5 
96e9 
89-8 
80-5 
71.9 
673 


DELTA 
ry 
OeC 
0e25 
OeSC 
0076 
1.26 
1.e&9 
204% 
22e 86 
3222 
36 SE 
3eH8 
4ei9 
4.250 
5eC8 
6018 
7e18 
Bell 
9e2@l 

11-233 

12-73 


POT e 
FN 
0e9D 
OeO1 
02905 
0212 
Oe 32 
C.e72 
1.13 
bevo 
2020 
2e76 
Ze 38 
4.96 
4.79 
6244 
10.33 
14.92 
20212 
22026 
46217 
61277 


SGWND 


477% 
Vays 
1475. 
147A 6 
1478. 
1473.6 
1466. 
1468. 
1471. 
1471. 
1471.6 
1470-6 
147C. 
1471le 
147% e 
147°. 
1473.6 
1475.6 
1477. 
1480. 


DB 


PIPE DOE 


li 


130 


AD 
AY) 
Ul 


300 


3735 


Cy 
SALINI 


124 


TEMPERATURE... vols 
\ babar c: ye 


Aer. NO. Fe o= oz a0 
DO-O500Ny LU S-16.00 iW 


MO.-1e Ohy-9 GNi=16.2 


3 
, 0/00 


CFF SHORE OCEANCCRAPHY 
REFERENCE Nile ar 
POSITION SO- 06ONe 145- 1.0W 


~~ J 


RESULTS OF GRPe CAST 


PRESS TEP 


fe) 7. 30 
10 FeO 
20 7.30 

~ 36 7230 
50 Po 30 
75 5204 

100 4004 

125 3079 

150 4.46 

175 4052 

200 4eS2 

225 hg BZ 

250 bw te 


SAL 


32256 
Se oe 
© Pn Bs 
te «37 
qe wot 
32267 
2205'S 
adie hd, 
Baie Oc 
ne PE 
SVEN) 
33062 
SSeS 


GRCUP 


19 


125 


DATE 
GMT 


C4 BAK 2 
18e2 


129 POINTS TAKEN FRCM ANALCG TRACE 


“ DEPTH 


Q 
10 
20 
39 
59 
75 
G9 
124 
149 
174 
199 
223 
P48 


SIGMA 
i 

25243 
25249 
25449 
25249 
29049 
2S e085 
26210 
26238 
262607 
26275 
2649 
P6eF& 3 


Bie etah 


—SVA 


250 68 
250-8 
25026 
22066 


250 6D. 


2166467 
1G3e2 
16628 
140.0 
132<5 
128¢3 
12467 
AZies 


CEL TA 
OD 
920 
0225 
02590 
Oe 75S 
re2aS 
1286 
2e36 
2081 
3et3 
3eF2 
30 8&4 
4216 
4e47 


POT 

EN 
020 
0-01 
0-05 
Oell 
04.32 
0-270 
1.15 
1-66 
2218 
2074 
3436 
4205 
4675) 


SCUND 


1477. 
1477. 
1477 .« 
1478e 
147kHe 
1469 a 
1466. 
1466.6 
1469. 
1471. 
1471. 
1470.6 


300 


DB 


600 


CO 
{) 
C 


PRESSURE, 


126 


TEMPERATURE nol 
Lt 8 le 


REF. NO. 72 - 9 be 
W9-59.0 N 145-0.0 W 


Md.-le DAY-P1GENt22320 


32 aa 5 
SRL INIGY, @7 00 


CFFSHORE OCEANOGRAPHY GROUP 


REFERENCE NO.» 
POSITION 
RESULTS 


PRESS 


0) 

|e) 
20 
30 
re) 
EH 
100 
125 
150 
L745 
200 
225 
250 
300 
400 
590 
600 
8CO0 
1000 
1200 


72- 9- 


49-5GeONe 
Qe SEO GAS. 


. TEMP 


te al 
7e25 
7025 
7e2Sd 
1.25 
5075S 
3 G6 
4-36 
4281 
4278 
4253 
4632 
4 22 
4e11 
3e 78 
3266 
3248 
3213 
Zeb. 
2262 


SAL 


32:0 36 
32257 
32.657, 
32057 
yee HG 
32e61 
32283 
33436 
Dts fal 
334380 
33032 
33483 
Ste &:7, 
33691 
34.91 
34-11 
34019 
34630 
34238 
34244 


Lie 
145- O«0w 


DEPTH 


) 
10 
20 
30 
50 
fA 
99 

124 
149 
174 
199 
Pc 
248 
298 
297 
496 
299 
793 
990 
11868 


tay 


CATE 1 iz i272 


GMT 2320 
170 POINTS TAKEN FRCM ANALOG TRACE 


SIGMA 
ji 
25248 
25250 
25-50 
25-50 
25250 
25260 
26209 


26247, 


2670 
26477 
26282 
26285 
26289 
26053 
27405 
27014 
27222 
27234 
27243 
27249 


SVA 


250 eS 
24949 
24G 68 
250-0 
250 02 
24123 
19345 
1S5@e2 
3 Gia 7 
130e¢1 
126.1 
1232 
119.7 
115e¢S 
105.7 
GSOeC 
907 
798 
T7228 
67.C 


DELTA 
D 
020 
0225 
0250 
Ove TS 
1225 
1.88 
2239 
2283 
3219 
3052 
39&4 
4e15 
4246 
Sie CS 
6214 
70218 
8-210 
9281 

11.33 

12.274 


POT. 
EN 
0290 
0-01 
0e95 
Oell 
Oe 32 
Oe 72 
1.17 
1.667 
2e18 
2073 
3e 34 
4202 
4275 
6240 
LO a1 
14695 
20224 
32240 
46235 
62205 


SCUND 


1477. 
1477. 
1477. 
1477. 
1478. 
1476.6 
1465. 
1468. 
1471. 
1471.6 
1471. 
1470. 
1470. 
1471. 
1471. 
1472.6 
1473-6 
1475.6 
1478. 
1480.6 
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REFERENCE NOe 
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RESULTS OF STP CAST 


PRESS 


0 
10 
20 
30 
59 
3 
1C0 
Les 
130 
i75 
200 
420 
250 
300 


TEMP 


7216 
7216 
7e16 
felts 
7216 


7016 


4223 
448 
4.51 

4.48 
4057 
4249 
4223 
A201 


SAL 


32657 
325 57 
32057 
32057 
ayes ST 
32.57 
32.88 
EE a Pe 
33.59 
33-74 
33632 
33484 
33286 
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DEPTH 
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20 
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TS 
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e273 
248 
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123 POINTS TAKEN FRCM ANALOG TRACE 


SIGMA 
T 
25251 
25251 
eos. 
25eo! 
25451 
25251 
26011 
26244 
26064 
26476 
26282 
26284 
26-88 
26294 


SVA 


248042 
24845 
24826 
248.8 
249e1 


249.4 


1924 
161.3 
142.7 
13164 
126.2 
124.64 
120.5 
114.8 


DELTA 
2) 
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025 
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0e75 
1224 
1.87 
2041 
20eES 
3e23 
3057 
3289 
4e2l 
4.51 
5210 


POT. 
EN 
029 
0-01 
0295 
Oeoll 
Oe 32 
O71 
1219 
1270 
2023 
2280 
3041 
4-209 
4.33 
6248 


SOUND 


1476.6 
1477. 
1477. 
1477. 
1477. 
1478. 
1467. 
1469-6 
1470. 
1470.6 
1471. 
1471. 
1470.6 
14706 
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G8e92 
6e90 
6290 
6289 
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6286 
4208 
4229 
4238 


4e47 


4046 
428 
415 
4203 
378 
3266 
3051 
3618 
2¢88 
2262 


sae" 


ic Wai = i 
32458 
32298 
32-58 
42258 
$2059 
32482 


433017 


33254 
33270 
33078 
Be | 
I3673 5 
3389 
34202 
34210 
34.18 
34e29 
34436 
34e42 
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14S5- 
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GMT 
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124 
149 
174 
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ae3 
243 
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397 
496 
595 
793 
o99C 
1188 


SIGMA 
¥ 

25654 
25255 
25655 
25255 
o36 Ja 
rds Feo Wg 
26207 
26233 
26461 
20% U3 
26279 
26284 
26288 
26293 
2teC5 
27213 
27e2tl 
aleae 
27241 
27248 


SVA 


245.62 
244.5 
24466 
24426 
244.8 
244.1 
19528 
171244 
14561 
134.2 
12823 
124.5 
t206e5 
11623 
10561 

GEe3 

91-9 

8128 

7402 

67.8 


DELTA 
D 
0-0 
0224 
0249 
0273 
1.22 
1.84 
2238 
22 &4 
3023 
3-58 
3690 
4e22 
4253 
Sel? 
6022 
7223 
8218 
9292 

11.48 

12289 
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EN 
0-0 
0-01 
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0.31 
0270 
1.213 
1.71 
2026 
2-83 
3445 
4e14 
4&8 
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10.246 
15210 
20242 
32276 
47204 
624390 
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14766 
14766 
1476.6 
1476. 
1476.6 
1477. 
14666 
14686 
14696 
1470 « 
1470. 
1470. 
1470. 
1470.6 
1471. 
14726 
1473.6 
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1478.6 
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) 6084 
10 5e B4 
20 6.85 
30 6285 
50 5.78 
75 5.73 
100 4.C6 
125 4026 
150 4.52 
175 ge? 
200 4053 4 
225 4635 
250 4029 
300 4.01 
400 Beek | 
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32667 
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33283 
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~ STGMA 
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25-54 
25-55 
25255 
25009 
254559 
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26215 
26246 
26268 
26273 
26278 
26232 
20065 
26291 
27204 
27213 
27021 
fleas 
27242 
27249 


SVA 


244.9 
244.5 
24426 
24469 
24369 
224243 
187.3 
15964 
139.1 
V25e6o 
12925 
12640 
LAoa4 
1172€ 
106.61 
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Gle7 
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7304 

67e5 
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D 
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0224 
0249 
0723 
1222 
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2233 
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3247 
3280 
4.212 
4243 
5-23 
6214 
7216 
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9.283 

11.237 
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1.14 
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2e15 
2072 
335 
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4.79 
62047 
10.43 
15209 
20441 
32264 
46278 
€2¢56 
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1475.6 
1475.6 
1476. 
14766 
1476.6 
1472. 
1466. 
1468.6 
1470-6 
1470. 
1471. 
1470.6 
1471. 
1470.6 
1472. 
1472. 
1473.6 
1475. 
1478.6 
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27235 
27244 
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23426 
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23304 
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121.24 
118.61 
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1473. 
1472.6 
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14736 
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1469. 
1469. 
1470. 
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6014 
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3-59 
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4071 
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4e41 
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3283 
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2683 
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322<60 
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34044 
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254-65 
25266 
25-67 
25267 
25267 
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26-09 
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26257 
26273 
26279 
26 282 
26.87 
26-93 
27296 
27213 
27021 
27234 
27243 
27250 


SVA 


23409 
23404 
23328 
233-8 
233-8 
232e7 
194.3 
17807 
149.2 
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1292 
12507 
121-6 
11661 
104.5 
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BOe0 
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2e26 
2284 
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4e16 
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6057 
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15-11 
20.238 
32.53 
46.243 
61.92 
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1473.6 
1473-6 
14736 
1473.6 
14736 
14736 
1465-6 
1464. 
14706 
1471. 
1471. 
1471-6 
1470 « 
14706 
1471. 
1472.6 
1473.6 
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1477e 
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SAL 


3259 
32460 
72280 
322660 


‘32060 
22261 


320 BE 
33420 
3363 
3375 
33.80 
33283 
33,87 
343293 
34205 
34.14 
34-22 
34432 
34,38 
34.44 
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7/7 A/T3 


1 OME M765 | 
182 POINTS TAKEN FROM ANALOG TRACE 


STIGMA 
: a 
25 66 
25267 
25267 
25467 
25267 
2569 
26012 
26.38 
26067 
26076 
26081 
26046 
26490 
24696 
27.08 
271 € 
27024 
2735 
27.43 
27250 


SVA 


233.8 
23344 
23306 
ae 4 
233-8 
23220 
19142 
16626 
140.0 
131.2 
12722 
1223 
11826 
11323 
102.8 
$525 
BBe4 
7828 
7202 
6667 


DELTA 
D) 
0.0 
0223 
0«47 
0-270 
1le17 
1.75 
2029 
2074 
3e12 
3045 
4078 
4eC9 
4239 
4.S7 
6204 
7203 
70eS5 
9262 

11.2613 
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FOT. 
EN 
0e0 
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0.05 
Oolt 
0.30 
0.67 
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2.19 
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3.36 
4.03 
4.76 
6.38 
1020 
14676 
19.89 
31275 
45656 
61.145 


SCUND 


14726 
14736 
1473.6 
1473.6 
1473.6 
1473.6 
1465. 
14666 
1470. 
1470. 
1471.6 
1479. 
1470-6 
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1471. 
1472 
14736 
1475.6 
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1480. 
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1000 
1290 


TEMP 
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7242 
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7228 
Dees 
3026 
3e1A 
4293 
4e75 
4%e47 
42409 
420 


3e89- 


Sed 0 
3250 
Sie eb 
22959 
2266 


SAL 


seen. 
iereeyS 
32054 
32653 
ae Ss 
wee 3 
32074 
3298 
334295 


#33575 
(S34 79 


3382 
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33290 
34.01 

34209 
34.18 
34230 
34637 
34042 
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DEPTH 


0) 
10 
20 
30 
$0 
TS 
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595 
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CATE 


SIGMA 
T 

25244 
25044 
P5245 
23045 
25245 
25246 
25283 
26eC7 
26254 
26671 
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26286 
26092 
27.203 
27012 
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27241 
27248 
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SVA 


254.7 
25540 
25426 
254.23 
25429 
254-40 
21902 
19624 


ISleF 


135eS 
13028 
126.0 
12340 
1174 
106e9 
$925 
9164 
co Ey | 
7422 
6826 


DELTA 
) 
020 
9225 
O81 
076 
1e27 
1291 
2248 
3201 
3645 
3280 
4o13 
4245 
4.77 
5-36 
6248 
7eZl 
8246 
10.18 
11674 
13017 
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EN 
020 
0-01 
0205 
QOe12 
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0273 
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1-85 
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3204 
3267 
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10,79 
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20482 
33204 
47.31 
63231 
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1477. 
147Be 
1478. 
1478. 
147686 
1478.6 
1473 
1471.6 
1472.6 
1472.6 
1472.6 
1471. 
1471.6 
1471. 
1472.6 
1473.6 
1473-6 
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1478. 
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6294 
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Dice 
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4025 
3299 
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ME 

Vad Pen 
ROTO, 
25239 
25439 
25239 
25260 
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26213 
26242 
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26665 
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P6276 
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26296 
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27014 
27229 
27240 
27248 


SVA 


26142 
26620 
2004.2 
200 24 
Z6Ce7 
24066 
21704 
19026 
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148.26 
142.4 
135.9 
13265 
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8526 
7604 
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7284 
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10271 
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Abstract 


A number of empirical relationships between electrical conductivity 
of sea water and salinity are compared. At 15° C., atmospheric pressure, the 
calculations from the formulae are compared with the Unesco Tables and with 
data of Brown and Allentoft. Over a wider temperature range comparisons are 
made with Brown and Allentofts' data, and with Unesco Tables at atmospheric 
pressure, also at one thousand decibars, at two thousand decibars, and at five 
thousand decibars using Bradshaw and Schleichers' pressure correction equation 
as standard. Aimed at the user, these comparisons facilitate choice of an 
appropriate formulation, and allow quotation of limits of error with respect 
to currently available experimental data. 


Introduction 


Several recent reviews of the history and problems of salinity 
determinations are available (Cox 1963, Carritt 1963, Tsurikova and Tsurikov 
1971). Experimental data relating electrical conductivity of sea water to 
salinity (or chlorinity) and temperature at atmospheric pressure are given by 
Thomas, Thompson and Utterback (1934), Reeburgh (1965), Cox, Culkin and Riley 
(1967), and Brown and Allentoft (1966). Pollak (1954), Weyl (1964), Park and 
Burt (1965), and Cox (1963) have remarked upon the quality of, and possible 
errors in, the data of Thomas et al. Cox et al (1967) have compared their 
data with those of Brown and Allentoft. The data of Cox et al (1967) form 
the basis to the currently standard International Oceanographic Tables (Unesco 
1966). The effect of pressure on the electrical conductivity of sea water has 
been investigated by Hamon (1958), Horne and Frysinger (1963) and Bradshaw and 
Schleicher (1965). 


The above constitutes the published experimental data. The range of 
values of temperature and salinity in each body of experimental data is shown 
in Table 1. The ranges of values of S,T, and P in different waters of the globe 
have been outlined by Leroy (1969). To use experimental data to convert values 
of conductivity (C), temperature (T), and pressure (P), measured in situ, to 
salinity (S), a functional relationship of the form S = f(C,T,P) is necessary. 
The approximating equations in Cox et.al (op. cit.) and the International Tables 
seem intended for use with laboratory salinometers as no pressure effects are 
included and the temperature ranges extend down only to 10° C. Brown and 
Allentofts' data covers a wide range of temperatures and salinity values, and 
they have developed expressions for the average relationship between salinity 
and the ratio of in situ conductivity to that of sea water at 35°/,,. Indication 
of temperature dependence of the relationship is given but no pressure effects are 
included. 


Therefore, to meet specific needs, either for high accuracy over re- 
stricted ranges, or adequate accuracy over wider ranges, many workers have de- 
vised numerical fits to the relatively limited body of hard data described above. 


A number of empirical functional relationships valid over various 
(fairly wide) ranges of S,T and P have appeared (and are still appearing) in 
the literature. This brief, and still incomplete, note extends a recent 


comparison by Greenberg (1972) of formulae in use in Canada, to include sever- 
al others of the same type. 


Empirical Relationships 
Perkin-Walker (1971) 


Designed for use in the Canadian Arctic Archipelago. Claimed accu- 
racy of 0.01°/, over OsT<20° C., 538<340°/. .,. USPS1./00 db... Based on Brown. and 
Allentoft data with linear fit to Bradshaw and Schleicher data. C(35,0,0) = 
29.039 mmhos cm7! in International units [C(35,15,0) = 42.923 mmhos cm-l]. 


Rohde Quoted By Keyte (1970) 


Fit over -3.5STS30° (C. ,;, 308Ss41%/_. , OSPS11000' db.) Basecwon-ticeeco 
data of Thomas et al, and Bradshaw and Schleicher. Precise fit would indicate 
C(35,15,0) = 42.899 mmhos cm-l, 

Ribe-Howe (1967) 

Claimed accuracy of 0.01072 for OST<25° (C7 sUsos40"/ USPS 7000 
db. Based on data of Cox et al, Brown and Allentoft and Bradshaw and 
Schleicher. Their note indicates a value of C(35,15,0) = 42.918 mmhos cm-l in 


International units was used in their formulation but precise fit indicates 
C(35,15,0) = 42.917 mmhos cm7l. 


Bennett (Quoted By Greenberg 1972) 


Claimed accuracy 720.0197 * for als OFaC y 265SS40°/,,, P = O dbz 
Te SO Ce, 27ISSS407/. 6, P= 0 dbs t= (0trC., 336Se37° 7 Pe: LOG0rds- 
T = 105 Gomeslesss8 oval P LOOO» db; Tyme 2028%0C «G1 30SSS392/ecGo Per aLOOGrab e 
T = 302%oRk -a B0gS<A0Po/sinueeP 1000; db.cd Precise) fitigives 6(955155;0)e=142 929 
mmhos cm7!, | 


Il 


ZDLP (Zaburdaev et al, 1969) 


Fit over O<T<25° C., 315SS39°/,,, OSPS1000 db. Based on Unesco 
Tables and Bradshaw and Schleicher. C(35,15,0) = 42.896 mmhos cm7!. 


Federov (1971) 


Fit over O<TS30° C., 33$SS37°/,,, OSPS2000 db with error limit 
0.02°/,,- Based on Unesco Tables, fits to pressure effects of Bradshaw and 
Schleicher, and temperature effects of Brown and Allentoft. No absolute value 
of conductivity used. 


Accerboni-Mosetti (1967) 


Fit over range 0<TS30° C., OSSS40°/,,, P = 0 db. Based on data of 
Cox et al, and Brown and Allentoft. No pressure dependence. Indicated value 
C(35,15,0) = 42.905 mmhos cm-l but precise fit gives C(35,15,0) = 42.902 mmhos 
=] 
cm71. 


Pritchard - (Personal Communication From Dr. T. Dauphinee, National Research 


CLouneil .. Ottawa)... 


No accuracy of range of values available. No pressure dependence. 
Precise fit gives C(35,15,0) = 42.913 mmhos cm). 


University of Washington (Daniel and Collias 1971) 


Average departure ,+.013°/... for DET S BOC LOSSS339/ go Eu db. 
Based on data of Thomas et al. No pressure dependence. Precise fit indi- 
cates C(35,15,0) =+:42.698 mmhos.cm7!. 


Brown (Quoted Dy daeger “197 5) 


Fit over O< Ts 30° Brew, De OO! fin aiy P= 0 db. Fit to Brown and 
Allentoft data. No pressure dependence. No absolute value of CC et) 
used. 


Test of Formulations 


The formulae were fits tested against the International Oceano- 
graphic Tables at T= 15° C., P = 0 db. Values of Rowenta sls Oy/ CL a0, 2, 0) 
taken from the PaBESS were multiplied by the values of C(35,15,0) obtained by 
a forced fit at 35°/,,, 15° C., 0 db. Resulting values of C(S,15,0) were then 
entered in the formulae to give the comparison shown in Table 2. 


Exactly the same procedure was followed, using values of Ris from 
Brown and Allentofts' Table 21. This comparison is shown in Table 3. 


Table 2 is an indicator of the range of validity of the different 
formulae. The formula from the Unesco Tables is used unchanged by routines 
"ZDLP" and "Federov", so agreement is exact. Values given by the Perkin- 
Walker and Brown formulations, based on Brown and Allentoft experimental 
data, include the differences between their data and values from the Unesco 
Tables. In Table 3 the values from "ZDLP" and "Federov" which agree with the 
Unesco Tables indicate the differences between the contents of the Unesco 
Tables and Brown and Allentofts' data. The method of comparison, using the 
forced fit value of C(35,15,0) may not be the optimum for every formula. 
However, for all, the is quite good at common salinities (better than 
0.0L" 7/5, Lor 30<S<40°/,. - Only at salinities which depart further from 35° od 
are major differences af e.g formulae evident. 


For a coarse test of the fit of the formulae to Brown and Allentofts' 
data and Unesco Tables, comparisons at a wide range of temperatures and at both 
atmospheric and elevated pressures were made in the following manner. From 
Brown and Allentofts' tables of experimental data values of Fe Arcee J 
C(35,T,0) were found directly. Values of salinity corresponding to values in 
Brown and Allentofts' Table 23 were found by interpolation in their Table 21. 
Values at T = -l, -2° C. were found by extrapolation using a Gaussian routine 
Supplied with the HP 9100 desk calculator. These were then multiplied by the 
factor °C(35 /T,0)'7C(35,15,0) from Brown and Allentofts' Table 24 to give Ris = 
C(S,T,0)/C(35,15,0). These values of Rj, were multiplied by the precise fit 
values of C(35,15,0) appropriate for each formulation. The resulting values 
of C(S,T,0) were then fed back into each formulation. Tables of differences 
between experimental data and the salinities calculated from the formulae 


are shown in parts (a) of Tables 4 to 13. For parts (b), (c), (d) of these 
tables the input data has been adjusted to pressures of 1000 db, 2000 db, and 
5000 db, respectively, using equation (1) of Bradshaw and Schleicher (op. cit.). 
Tables 14 to 23 are similar comparisons with the Unesco Tables. In this case 
the ratio C(S,T,0)/C(35,T,0) from the tables was multiplied by the factor 
C(35,T,0)/C35,15,0) from Brown and Allentofts' Table 24, then the value for 
C(35,15,0) appropriate for each formulation was used. 


During examination of these tables, a number of points must be kept 
in mind. The values at temperatures colder than 0° C. are fictitious at lower 
salinities and include small effects due to the method of extrapolation. The 
Perkin-Walker and Brown are the only fits directly to Brown and Allentoft data. 
All others are, as shown in Figures 2 and 3, more nearly fits to values from 
the Unesco Tables. The main differences between these two sets of values are 
those shown in Tables 2 and 3. There are other smaller differences which may 
be seen in Table 24, in which the Unesco Table values of Rp = C(S,T,0)/ 
C(35,T,0) normalized at 15° C. are divided by values of Rp from Brown and 
Allentofts' data, also normalized at 15° C. The departure of these ratios 
from a value of 1.00000 is equivalent to a maximum salinity difference of 
eno O00U 07 oo Ore 2 Unc 25 oe eet Oe e 

It is to be noted that the Perkin-Walker and Federov formulations 
include a pressure correction linear in pressure while Bradshaw and Schleichers' 
equation (1) (op. cit.) is of third degree in pressure. The effects may be 
seen in parts (b), (c) and (d) of the tables. At 1000 db, roughly midway be- 
tween Bradshaw and Schleichers' data points, the difference between linear and 
third degree fits is near maximum and amounts to an effect on salinity of about 
0.015°/,,- At 2000 db the linear fits are near their higher pressure data 
point, but at 5000 db the linear fits depart widely from the third degree fit. 
Recent work by Ettle (1969) perhaps suggests that the pressure effect from 
atmospheric up to 2000 db may be complicated. There is very great scatter in 
his data. This is however an area which might benefit from further investi- 
gation. Although the tables cover a wide range of salinity values, it may be 
noted from Leroy (op. cit.) that at high pressures only corrections at salini- 
ties near 35°/,, are of general practical importance. 


As well as comparing the formulae with Unesco Tables and data of 
Brown and Allentoft, comparison was made using arbitrary values of C(S,T,P) 
over a range of salinities, temperatures, and pressures. An example is given 
in Table 25. The results here highlight the dangers of using any of these 
formulae with instruments calibrated with an inappropriate value of C(35,15,0). 


Dr. T.M. Dauphinee of Canada National Research Council, Ottawa, has 
found (personal communication) that corrections of size to 0.02°/,, should be 
added to Ribe and Howes' equations below 2° C. As suggested by Perkin and 
Walker (1971), this type of correction should be added to all formulations 
which extrapolate to temperatures below 0° C. in the same manner as Ribe and 
Howes' equation. It is not included in Perkin-Walker in this note. 


Another source of error to the unwary was suggested by Dr. C.S. Mason 
of the Bedford Institute (personal communication). All the data mentioned 
herein was obtained before the adoption of the International Practical Tempera- 
ture Scale of 1968 (Comite International des Poids et Mesures 1969). The new 


scale, while coinciding with the old scale at 0° C. is colder by 0.009° Cc. at 
30° C. Conversion to IPTS-68 can be achieved by adjusting, in an appropriate 
manner, IPTS-48 temperatures and other values depending upon temperature. 


The various formulae in double precision IBM FORTRAN IV are listed in 
the Appendix. From these listings, or equations from the original papers, 
estimates can be made of computation times (which differ widely) and compata- 
bility with the devices to be used for data processing. These considerations 
and the error maps in the tables should allow optimum choice of processing rou- 
tines. 


Conclusions 


The comparisons in this note indicate that results of all formulae 
are adequate near salinities of 35°/,, and temperatures of 15° C. Under ex- 
treme conditions of salinity and temperature, differences between formulae can 
be large and should be taken into account in precise work. This note should 
enable users to choose a procedure which will fit their immediate requirements. 


However, for maximum general usefulness, a standardized procedure 
should be quickly agreed upon by the oceanographic community. This procedure 
must allow computations, within stated accuracy, over values of S,T, and P 
found both in bench and in situ salinometry. Additional experimental work 
May be needed, in the area of pressure effects, and at temperatures below 0° C. 
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List «fePabled 


1. Ranges of salinity, temperature and pressure in published experimental 
data. 


2. Unesco Table salinity values in parts per thousand minus those calculated 


from formulae using a forced fit at C(35,15,0). Temperature 15° c. 
Pressure O db. 


3. Brown-Allentoft average experimental salinity in parts per thousand 
minus those calculated from formulae using a forced fit at C(35,15,0). 
Temperature 15° C. Pressure O db. 


4. Brown-Allentoft salinity values minus values by Perkin-Walker, C(35,15,0) 


= 42.923 mmhos cm-l. (a) O db (by 1000 db (¢c))-'2000dbw (4. 65000 


5. Brown-Allentoft salinity values minus values By Rohde. C(35,1550) 6 


db. 


42.899 mmhos cm-l. (a) 0 db (b) 1000 db (c) 2000 db (da) 5000 db. 


6. Brown-Allentoft salinity values minus values by Ribe-Howe. C(35,15,0) 


42.917 mmhos cm-l. (a) 0 db (b) 1000 db {c) 2000 db (da). 5000 db. 


7. Brown-Allentoft salinity values minus values byuBennett. v-C(38541570) = 


42.929 mmhos cm~l. (a) Odb (bJ 1000 db (c) 2000 ab (a) 5000 db. 


8. Brown-Allentoft salinity values minus values Dy. ZDUPY. C(S5Y15.,0)0=. 42, 


mmhos cml, (a) 0 ab (b) 1000 ab (c) 2000 db (d) 5000 db. 


9. Brown-Allentoft salinity values minus values by Federov. (a) 0 db 
(b) 1000 db (c) 2000 ab (a) 5000 db. 


10. Brown-Allentoft salinity values minus values by Mosetti-Accerboni. 
C(35,15,0) = 42.902 mmhos cm7!, 0 ab. 


ll. Brown-Allentoft salinity values minus values by, Pritchard ...C(3515. 0) 
42.913 mmhos cm-l. 0 db. 


12. Brown-Allentoft salinity values minus values by Washington., C(35,15,0) 


42.698 mmhos cm7l. 0 db. 


13.  Brown-Allentoft average experimental Salinity values minus values by 
Brown. Pressure O db. 


896 


= 


14. International Oceanographic Tables Salinity values minus values by Perkin- 


Walker. C(35,15,0) = 42.923 mmhos cm-l. (a) 0 db (b) 1000 ab 
(c) 2000 db (d) 5000 db. 


15. International Oceanographic Tables Salinity values minus values by Rohde. 


C(35,15,0) = 42.899 mmhos cm-l. (a) Odb (b) 1000 ab (c) 2000 dab 
(a) 5000 ab. 


16. International Oceanographic Tables Salinity values minus values by Ribe- 


Howe. C(35,15,0) = 42.917 mmhos cm-l. (a) 0 db (b) 1000 db (c) 2000 db 


(d) 5000 db. 


i 


18. 


ae 


20s 


Zi 


22. 


ios 


24. 


2a)s 


International Oceanographic Tables salinity values minus values 
Bennett. C(35,15,0) = 42.929 mmhos cm-l. (a) 0 db (b) 1000 
(c) 2000 db (da) 5000 db. 


International Oceanographic Tables salinity values minus values 
C(35,15,0) = 42.896 mmhos cm-l. 0 db. 


International Oceanographic Tables _salinity values minus values 
Federov. (a) 0Odb {(b) 1000 db (¢c) 2000 db (@) 5000 db. 


International Oceanographic Tables salinity values minus values 
Mosetti-Accerboni. C(35,15,0) = 42.902 mmhos cm-l. 0 db. 


International Oceanographic Tables salinity values minus values 
Pritchard. C(35,15,0) = 42.912 mmhos cm=!, 0 db. 


International Oceanographic Tables salinity values minus values 
Washington. C(35,15,0) = 42.698 mmhos cm-l. 0 db. 


International Oceanographic Tables salinity values minus values 
Pressure O db. 


by 


by 


by 


by 


by 


Values of Rp = C(S,T,0)/C(35,T,0O) from Unesco Tables normalized at 
divided by values of Rp (also normalized at 15° C.) from Brown and 


Allentofts' data. 


Salinities computed from formulae using input C = 42.80 mmhos cm-l 


T = 15° C., P = O db. 


ZDLP. 


Brown. 


Data 


Thomas et al 


Reeburgh 


Cox et al 


Brown and Allentoft 


Dauphinee 


Bradshaw and Schleicher 
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TABLE 1 
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TEMPERATURE 


TABLE 4 (a) 


SALINITIES (0700) 


1.927 42163 9-858 152468 20-300 25-332 30-200 35.000 40.196 


DEGRFES CELSIUS 


3060 


25-6 


206 


TEMPERATURE 


0-055 -0.003 —-0-2020 —-0.023 -02018 -0-009 0-000 0-009 0.028 
0-960 02004 —-0.008 -0.012 -0-009 —02006 —-0-004 -0-2002 0.010 
0-061 0.008 -02002 —-0.C04 -0.C02 0.000 -0-000 0-000 0.007 
0-061 0.009 —-0-000 -0.004 —-0.-0C02 -0.000 0.001 0-000 0.001 
0.059 0.007 -0-002 -0.003 -0.003 0-001 0.003 0.002 -0.001 
0.056 0.006 -0.-002 -0-003 -0.003 -0.001 0-004 0.2002 -0 002 
0.053 0.005 0.C00 -0.003 -0.003 -0.-000 02003 02003 -0.002 
0-052 0-005 02002 -0.001 -O0.-001 0-003 02005 0-006 0.001 
02052 0-005 02.004 0-000 0-000 02005 0.007 0-009 02004 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED 8Y PERKIN —- WALKER 
C(3501500) = 42.923 MILLIMHOS 


PRESSURE IS 060 DECIBARS 
TABLE 4(b) 
SALINITIES (0700) 
1.927 4.163 92858 15.466 20.300 252332 30.200 352000 40.196 


CEGREES CELSIUS 


306 


256 


206 


0.056 -0-001 —-0-017 —02020 -0.017 -02010 -0.002 02004 0.922 
0.061 02006 -02006 -0-012 —0-011 -0-011 —O40.011 -0.011 -0.001!1 
0-062 0-010 -0.-000 -0-005 -0.005 -0.005 -0.009 -0.010 -0-005 
0-062 O<«011 0.001 -0.004 -0.005 -0-.006 —02007 -02010 —0-0190 
0-060 0-009 02-000 -0-003 -0-006 -0-005 —-0-006 -0-008 -0-012 
0.957 0-008 -0.000 -0-004 —-02007 -0.008 -0.2005 -0.009 -0.013 
02054 0-007 0-001 -0.C06 —-02010 -0.2010 -0.2009 -0.010 -0.014 
02.054 0.007 02002 -0-005 -0.009 —-0.008 -0.008 -0.008 -0-012 
0-053 0-007 02004 -0.004 -0.008 -0.C07 -0.008 -0-006 -0-909 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS TRE SALINITY VALUES CALCULATED BY PERKIN —- WALKER 

C€35e1500) = 4226923 MILLIMHOS 

PRESSURE IS 10000 DECIBARS 
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TABLE 4(c) 


SALINITIES (0700) 


1.927 4.163 96858 156468 2046300 254332 30.6200 354000 404196 
TEMPERATURE Te ee Tee ree ee eee) ee eee ee ath 
DEGREES CELSIUS 
306 0-058 02003 -0.C09 -0.010 -0.006 0.001 0.009 0.016 0.034 
256 0.063 0-010 02001  -04003 -04001 -0.001 -0.002 -0.001 0-009 
BO 0.065 0.015 0.008 0.005 0.006 0-005 0.002 0.001 0-006 
15. 0.065 0-016 0-011 02007 0-007 0-007 0.006 02004 0005 
106 0.064 0.015 0.011 0.010 0.008 0.010 0-010 0.009 0.908 
Se 0.061 0.015 0-011 0-011 0-008 0.008 0.013 0.012 0.011 
O. 0.058 0.014 0-014 02010 0.007 0.007 0.010 0-012 0.013 
-1. 0.058 02015 02015 0.010 0-008 0.009 0.011 0-015 0.017 
-2. 0-057 0-014 0.017 0-011 0.009 02011 0.012 0-017 0.020 
BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED 8Y PERKIN - WALKER 
C(3591500) = 42.923 MILLIMHOS 
PRESSURE IS 2000.0 DECI®ARS 
TABLE 4 (a) 
SALINITIES (0700) 
1.927 4.163 96858 156468 206300 256332 3046200 354000 404196 
TEMPERAY REy we tae hh he! hhh le hl en” 8 he oe Se oO ee “Seu thee 
DEGREES CELSIUS 
30. 0.070 02027 02041 0-060 0.079 0.100 02120 00138 0-168 
25-6 0-076 02036 0.055 0.073 0-090 0-105 0.117 0-130 0.154 
20. 0.080 0.044 0.068 0.090 0-108 0.124 0 +136 06150 0.172 
15. 0.082 0.049 02080 02104 0.124 00143 0.160 0.176 02198 
10. 0.983 0.054 0.090 00120 0-142 0166 0.187 0207 0.231 
Se 0.083 0.059 0-101 0136 02160 0. 186 0.215 0.239 0.269 
O- 0-083 0-064 02115 0-152 0.179 0.209 06240 0.272 0.310 
-1. 0.083 0-065 0.118 00156 0.184 0216 00247 0.282 0.322 
-26 0-083 0.066 02123 0.160 0.189 0.223 00254 02292 0.334 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY PERKIN -— WALKER 

C(3501500) = 426923 MILLIMHOS 

PRESSURE IS 5000¢0 DECIBARS 


Me 


TABLE 5 (a) 
SALINITIES (0700) 
1.927 4.6163 9SS CUS.860 WeO00 "2Sb3s2 “So.b00 *Sstc00 40.196 
TEMPERATURE | MC te heenaa ss Go eee 
DEGREES CELSIUS 
306 20184 1.637 0.775 0+336 02139 0.041 02010 0.002 -0.009 
256 bn343 0.949 0-376 0.120 0.027 =02006 0.004 0.006 -0.001 
206 1.191 0.850 0-361 0.143 0-053 0-022 0-013 0-010 -0.004 
15.6 1.167 0849 0389 00172 0-079 0.031 0.011 0.000 -0.015 
10. 1.078 0.783 0.359 0-160 0.071 0.026 02007 -0.000 -0.004 
Se 0-936 0.673 0-303 02138 02066 0.033 02024 0-023 0.032 
O- 0-810 0.578 02264 deF27 0.¢72 0.047 0.037 0.036 0.048 
al 0.788 0561 0+256 00123 02069 02045 02033 0.031 0.041 
=2e 0.765 0.542 0.246 00115 02062 0.038 02022 0.018 02925 
BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY ROHDE 
C(3501500) = 42.859 MILLIMHOS 
PRESSURE IS 0.0 DECIBARS 
TABLE 5 (b) 
SALINITIES (0/00) 
1.927 40163 90858 156468 ©20.6300 © 25.332 | 303200 35.000 40.196 
TEMPERATURE hos Ti OE sis ie ile dimecadl Cid om gle oes ae ane ea rae a 
DEGREES CELSIUS 
306 20169 1.622 00762 0-326 0.132 0.036 0.006 ~-0.001 -0.914 
25. 1.354 0.558 0.381 00124 0-029 §-0.004 -0.003 02004 -0.005 
206 1.215 0-871 0.376 0.154 0 +066 0.027 0.015 0.010 -0.007 
15.6 1.193 0.872 06406 001€5 0.088 0.037 0.014 0.001 -0.017 
10. be HO 1 0.804 0.375 0.171 0-079 0-031 0.010 0.000 -0.006 
Ss; 0-959 0694 00319 0.148 0.073 0.035 0.024 0.021 0.029 
O-« 0.848 00612 0.2e8 00141 0.080 0.049 0-035 0030 0 2040 
mals 0.831 0.599 0.283 0139 0.078 02047 0-030 0.024 02032 
=26 0-814 0-586 Oa277 00134 0-073 0.041 0-018 0.010 02015 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY ROHDE 

C(35e1520) = 42.899 MILLIMHOS 

PRESSURE IS 1000-0 DECIBARS 
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TABLE 5(c) 


SALINITIES 


1.927 4.2163 9.858 15.468 20.300 


265-2332 


(0700) 


30-200 352000 40.196 


LLL OO OE LS PY SY EA yun ee 


TEMPERATURE 
DEGREES CELSIUS ; 
306 22152 1.605 0.749 00317 02125 0.032 0.004 -0-003 -0.017 
256 1.360 0.962 0-384 026125 0-030 —-0.004 -0.003 0-003 -0.008 
20-6 1.6231 0-885 0.385 0.160 0.071 0-030 0.016 0.010 -0-009 
15.6 1,210 0.887 0.416 02192 02094 0-040 0-016 0.001 -0.018 
106 1.114 0.815 0.383 00178 0.084 0.034 0.01! 0.001 -0.006 
Se 0.970 0-704 02326 0.153 0.076 0.037 0-024 0.020 0.028 
Oo 0. 868 02630 0-302 00151 0.085 0-050 0.033 0.027 0.036 
—le 0.855 02622 023C0 0.150 0-085 0.049 0-028 0.020 0-027 
—2e 0.843 0.613 02297 Oo147 0.080 0.043 0.017 0-006 0.009 
BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY ROHDE 
C(350¢1500) = 42.899 MILLIMHOS 
PRESSURE IS 2000.0 DECIBARS 
TABLE 5(d) 
SALINITIES (0700) 
1.927 4.163 92858 15-468 202300 252332 30-200 35-000 40.196 
TEMPERATURE «ys aac y tae id tii a aR 
DEGREES CELSIUS 
306 2101 1.558 0.712 00292 02.110 0-025 0.001 -0.006 —-0.024 
256 1.355 0-955 02375 00118 02025 —-0-006 -0.005 0-001 -0.012 
206 1.245 0-895 0-390 00163 0.072 0.031 0.016 0.008 —0-2014 
15.6 1.219 0-894 00421 021566 02096 0-042 0-016 -0-000 0-021 
106 12105 0-808 0.379 0.176 02084 0-034 0-011 0.001 -02006 
Se 0-945 0.684 0.315 0-148 0.073 0-036 0.024 02020 02030 
Os 0-851 0-619 0-298 06150 0-085 0-050 0.032 02026 0.036 
—le 0.846 0617 0-302 02154 0.087 0.050 0.028 0.018 0-026 
—2e 02343 02617 0.305 0.155 0-086 0-046 0-016 0-003 0.007 


BROWN-ALLENTOFT AVERAGE EXPERIMENT AL SALINITY v 
MINUS THE SALINITY VALUES CALCULATED BY ROHDE 
C(3501500) = 42.899 MILLIMHOS 

PRESSURE IS 5000.0 DECIBARS 


ALUES IN PARTS PER THOUSAND 
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TABLE 6 (a) 


SALINITIES (0700) 


12927 4.163 9085S 156468 206300 254332 306200 35.000 40.196 
TEMBERAWRE “4 =~COC ion 6) cM —------------------- ~~~ ie i ee 
DEGREES CELSIUS 
306 0.425 0.256 0.068 0.014 0.001 -0.002 0.002 0.002 -0.002 
256 0.448 0.277 0.085 0.025 0.009 0.002 02000 -0.000 -0.004 
20-6 0.467 0.295 0.c97 0.034 0.016 0.008 0.004 0.002 -0.002 
15. 0.477 0.304 0.103 0.037 0.017 0.007 0.004 02000  -0.006 
10. 0.467 0.296 0.098 0.036 0.016 0.010 0.006 0.001 -0.007 
Se 06414 0.253 0.073 0.023 0.011 0.009 0.009 0-002 -0.005 
G's 0.283 02142 06004 -0.020 -0.013 -0.001 0.004 -0.000 -0.005 
—1e 0.242 0e108 -0.018  -0.033 -0.020 -0.003 0.003 0.001 -0.003 
2.6 0.195 04068 -04043 -0.049 -0.029 -0.006 0.000 0.001 -0.003 
BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY RIBE — HOWE 
C(351500) = 426917 MILLEIMHOS 
PRESSURE IS 0.0 DECIBARS 
TABLE 6 (b) 
SALINITIES (0700) 
oe 4.163 90858 156468 204300 254332 304200 354000 402196 
TEMPERATURE S205 OhCTS  HIG.G EGG Te EES a Ee | OG ee 
DEGREES CELSIUS 
20. 0.414 0.248 0.066 0.016 0.005 0.004 0.009 0.009 0.006 
256 0.434 0.267 0.080 02023 0.009 0.003 0.002 0.001 -0.0902 
20. 06452 ° 0.283 0.091 0.031 0.014 0.007 0.003 0.001 -0.002 
156 0.459 0.290 0.096 0.033 0.015 02006 0.003 -0.4001 -0.007 
10. 06447 0.280 02090 0.032 0.014 0.009 0-005 -0.001 -0.008 
Se 0.391 02235 0.063 0.018 0.008 0.007 0.007 -0.000 ~0.007 
0. 0.256 Oo121 -0c007 -0-026 -0-.017 -0.004 0.000 -0.004 -0.009 
-1. 0.214 00086 -0.029 -0.039 -0.024 -0.006 -0.001 -0-.003 -0-008 
=2\5 0.166 0045 -0.055 -0.056 -0.034 -0.010 -0.004  -0.004 -0.008 


BROWN-ALCLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY RIBE —- HOWE 

C(0350e150e¢0) = 426917 MILLIMHOS 

PRESSURE IS 1000-e0 DECIBARS 


TEMPERATURE 


-—-- 


OEGREES CELSIUS 


3Oo 


256 


20-6 


TEMPERATURE 


02402 


00421 


02436 


02441 


02426 


02367 


02227 


02.184 


02.134 


42163 9.858 
0-240 0.063 
026257 0.075 
0.271 0.-0eS 
0-276 0.089 
02264 0.082 
0-217 0-054 
0.099 -0.019 
02062 —02041 
0-019 —0.068 
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TABLE 6(c) 


SALINITIES (0700) 


152468 ©§ 20-300 25-332 


0-017 0.008 0-009 
0-022 02010 0.005 
0-029 0.013 02007 
02030 0-013 02006 
0-028 0.013 0.008 
0.014 0-007 02006 
-0.031 -02019 -0-005 
-0.045 —-02026 -0.007 


-0.061 —0 2036 -0.011 


302200 


0.015 


0-004 


0-003 


0.003 


0.005 


0-007 


0-000 


—-0.001 


-0 2004 


35-000 


0.016 


0-004 


02002 


-0.001 


-0-000 


-0-000 


-02004 


-02004 


-0 2004 


40-196 


ee ee 


0.014 


0-000 


-0.002 


-0.007 


-0.008 


—-0 007 


-0.009 


-0.008 


-0.008 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MENUS THE SALINITY VALUES CALCULATED BY RIBE - HOWE 
= 42-917 MILLIMHOS 


C(35e1520) 


PRESSURE IS 2000e0 DECISARS 


OEGREES CELSIUS 


30-6 


256 


206 


02370 


TABLE 6 (d) 


SALINITIES (0700) 


15-468 20-300 252332 


0-017 0-013 0-018 
0.016 0-009 02006 
02020 02010 0.006 
0-020 0-009 0-005 
0.017 0.009 0.009 
02002 02003 0-008 
—02045 —-0-021 -0-001 
-0.059 -02029 -0-002 
—0.077 -02038 -0-005 


352000 


BROWN-ALLENTCFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY RIBE —- HOWE 
= 42-917 MILLIMHOS 

PRESSURE IS S000¢0 DECIEBARS 


C(35015%0) 


Me 


TABLE 7 (a) 


SALINITIES (0700) 


1.927 4.163 SeES8 156468 =. 200 300 -—s 254332. 300200 §= 35000) 400 196 
TEMPERATURE —— Se ————— ---— A cee mone. Saws 
DEGREES CELSIUS 
306 -06166 -0.204 -04161 -0.084 -0.036 -0.009 0.003 0.002 -0.004 
25. ~-OcIS8  ~6.192 =0.105 =-0.072 =0.027. =<0.006 02000 -0.001 -0.002 
200 -0c153 -06185 -06136 -0.063 -0.019 0.001 02004 0.002 0-000 
156 © =Osi52 —0s164.. =0.135 =06.063. -0.019 0-002 0.006 0.000 -0.006 
10. --00153  -06187 -06141 -0.065 -0.020 0.004 0.008 0.001 -0.009 
Se 00156 = -00193 =-02150 -06072 -06024 0-003 0-011 0.002 -0.008 
Oe Sdale2 --Oe0e w 20,148 wilco Cbona <ancaT) tol; 0-005 02000 -0.006 
“le 00163 -0.205 -0.168 -0.093 -0.039 -0.004 0.005 0.001 -0.003 
—2e -06165 -06208 -06171 -0.0S67 -04043 -0.005 0.003 0.002 -0.001 
BROWN-ALLENTCFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BENNETT 1 
C(3501500) = 42.929 MILLIMHOS 
PRESSURE IS 0.0 DECIBARS 
TABLE 7 (b) 
SALINITIES (0700) 
1.927 4163 90858 156468 204300 2546332 306200 352000 400196 
TEMPERATURE 3 EN aera SRT ee ee a 
DEGREES CELSIUS 
30. -06168 -02208 -0.168 -0.092 -0.043 -0e014 02002 0-007 02009 
Zoe, <Oslal”. -Os197 , -Oc15s" <ds08%" =0c040, -Oco1e) =0.b6a 0-000 0.008 
20¢ -OolS7 00191 -046149 -00079 -0.035 -0.013  -0.004 0.001 0011 
152° —0,156 ~-Os192. -OctS? --DsOH2 -0.038 <-04014 .-0+00%  <0.000 02007 
10. -06158 -0.196 -0.159 -0.088 -0.043 -0.015 -02003 0-001 0.008 
Se  --00162 -06205 -06173 -06100 -0.052 -0.021 -0.003 0002 02012 
Oo -06169 06218 -00193 -06124  -0.072 -00033 -0.012 -0.001 0.018 
~10* "Sosisi" -oeset? —orloa® -Onioe” son Ore -0.035 -0.014  -0.000 02022 
-20 -00173 -06224  -06202 -00135 -0.081 -0.037 -0.017 0-000 0-024 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BENNETT 1 

C(35e1500) = 42.929 MILLIMHOS 

PRESSURE IS 100020 DECIBARS 


TEMPERATURE 


DEGREES CELSIUS 


306 


25-6 


206 


156 


106. 


TEMPERATURE 


—-0.170 


-0.163 


-02160 


-0.160 


-02162 


-02168 


-02176 


-0.178 


-02.180 


-——— —— 


—-0-231 


-02234 


-0.239 
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TABLE 7(c) 
SALINITIES (0700) 

9.858 15-468 20-300 25-332 
-0.175 -02100 -0-051 -0.019 
—-02165 -0-096 -0.052 -0.026 
-0.161 —-0-094 -0-050 -0-025 
-02e165 -0.099 -0-056 -0-029 
-02176 -02109 —-02064 -02032 
-02194 —02126 -0-078 -0-042 
-0.219 -02155 -0.103 -0.059 
—0.224 -02.162 -0-108 -0.062 
-0-.230 -0.169 -O00115 -0.066 


30.200 


02001 
-0.012 
-0.012 
-0.013 
-0.014 
-02016 
-0.028 
-0.030 


—-02034 


35-000 


0.010 


-0.000 


-0.000 


-0.001 


0-001 


0.001 


-0-002 


-0.001 


-0.000 


40.2196 


0-020 


0.016 


0-020 


0-019 


0.022 


0-030 


0-040 


0-044 


02048 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MENUS THE SALINITY VALUES CALCULATED BY BENNETT 1 
C(35e15+0) = 426929 MILLIMHOS 
PRESSURE IS 200020 DECIBARS 


DEGREES CELSIUS 


306 


256 


206 


—-006175 


-0.170 


-02168 


—-02169 


—Ool174 


-00182 


-0.193 


-0.195 


-02198 


4.163 


9-858 


—-00.1S65 


-0.191 


—-0.193 


—-02202 


—-02246 


—-02281 


-0.288 


—0.296 


TABLE 


SALINITIES 


15.468 


—-O0.125 


-02129 


—-006133 


—02146 


-0-1€3 


-0-191 


-02232 


—-02241 


-0.250 


202300 


-0.075 


-0.085 


-0.091 


-0-103 


-O002.119 


—-02143 


—-02179 


—-0.186 


—-002195 


7 (da) 


40700) 


25-332 


-02039 


-0.0S55 


-0-061 


-02070 


-0.079 


-0-096 


-0.2122 


-02126 


-0.2131 


30.200 


352000 


40.196 


Le a ee ee ee 


—0.011 


-02032 


-0.037 


—-0 2040 


-0.043 


-0.050 


-0.065 


-0.068 


-0.071 


0-011 


-02006 


-0.007 


-0-007 


—-02004 


-02001 


-0-001 


0-001 


0-003 


0.039 


0-031 


0.037 


0-043 


0-055 


0.073 


02096 


0.104 


Oolll 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BENNETT 1 


C(3501500) = 426929 MILLIMHOS 
PRESSURE IS 5000.0 DECIEBARS 
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TABLE 8 (a) 


SALINITIES 


42163 9-858 152468 
0-027 0.040 0-029 
0-024 0.035 02022 
0.025 02036 02025 
0.025 0.039 0.029 
0-028 02043 0-037 
0.033 0.052 0-051 
0.043 0.075 0-079 
0-046 0-082 0.089 
0-050 0.092 Oo101 


(0700) 
20.300 252332 
0.014 0.003 
0-006 -0-.007 
0.012 0.001 
0.018 0-008 
02026 0-019 
0-042 0.033 
0.075 0.071 
0.088 0.087 
0-104 0-106 


30-2200 


0-002 


—-0 013 


-0.00S 


0-004 


0.013 


0.028 


02065 


0-081 


0.100 


352000 


-0.001 


-0.016 


-0.008 


0-000 


0.007 


0.017 


0.057 


02076 


0-098 


40.196 


-0.008 


-0.023 


-0-014 


-0 .007 


-02002 


0.010 


0.057 


0.079 


0.104 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY zDLP 
422896 MILLIMHOS 


1-927 
TEMPERATURE 
DEGREES CELSIUS 
306 0.020 
256 0-019 
206 0-020 
1S 0.021 
10. 0.023 
Se 0-025 
Oo 0-930 
—le 0-032 
SHS 0-034 
C(35e1500) 
PRESSURE I 
1.927 
TEMPERATURE es oC ee i 
DEGREES CELSIUS 
306 02020 
256 0-019 
206 0-020 
15 0.021 
10. 0-023 
Se 0.025 
O« 0.030 
—le 0-032 
=e 0-034 


Ss 0-0 DECIBARS 
4.163 9-858 
0.027 0.040 
0-024 0.035 
0.025 0.036 
0-025 0.C39 
0-028 0.043 
02033 0-052 
0.043 0.075 
0-046 0.082 
0.050 0-092 


TABLE 8 (b) 


SALINITIES 


15.2468 


20-300 


(0700) 


252332 


30-200 


352000 


-0.001 


-0-016 


—-0.008 


0.000 


0-007 


0.017 


0.057 


02076 


0.098 


402196 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY ZDLP 
422896 MILLIMHOS 
PRESSURE IS 100020 DECISARS 


C(35015e0) 


TEMPERATURE 


1.927 


OEGREES CELSIUS 


300 


256 


206 


TEMPERATURE 


0-020 


0.019 


0-020 


0.021 


0-023 


0-025 


0.030 


0.032 


0.034 


4.2163 


0.027 


02024 


0-025 


0.025 


0.028 


0.033 


0-043 


0.046 


0-050 


pe 


TABLE 8 (c) 


SALINITIES 


92858 15.468 


20.300 


(0700) 


25-332 


30.200 


35.000 


40.196 


LL I ste AS cht a 


0-040 0-029 
0.035 0-022 
0-036 0.025 
0.039 0-029 
0-043 0.038 
0.052 0.051 
0.075 0.079 
0.083 0-089 
0.092 0.102 


0.014 
0.006 
0.012 
0.018 
0.026 
0.042 
0.076 
0.089 


02104 


0.902 


-0.013 


-0.005 


0.004 


0.013 


0.028 


0.065 


0-082 


0-101 


—-0.001 


-0.016 


-0.008 


0-000 


0.007 


0.017 


0-057 


0-076 


0.099 


-0.008 


—6.023 


—-0.014 


-0.007 


-0.002 


0-010 


0-057 


0.079 


0.105 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY zoLRW 
= 422896 MILLIMHOS 
PRESSURE IS 2000.0 DECIBARS 


C(35e1500) 


—— 


OEGREES CELSIUS 


306 


256 


206 


0-020 


0-019 


02020 


0.021 


02023 


0.025 


0-030 


02032 


0-034 


02027 


0.024 


0-025 


0.025 


0-028 


0-033 


0.043 


0-047 


0.050 


TABLE 8 (da) 
SALINITIES (0700) 
9-858 15-468 202300 25.332 
02040 0-029 0.014 0.003 
0-035 0.022 0-006 -0.007 
02036 0.6025 0-012 0.001 
0.039 0-029 0-018 0.008 
0.043 0-038 0.027 0.019 
0-082 0-051 0-042 0.033 
0.075 0.079 0-076 0.072 
0.083 0-090 0.089 0.088 
0-092 0.102 0.2105 0.107 


302200 


0-002 


-0.013 


-0.005 


0.005 


0-014 


0.028 


0-066 


0-082 


0.102 


35-000 


—— — = ee 


-0-001 


—-0-016 


-0.008 


0-000 


0-007 


0.017 


0.058 


0.077 


02100 


40-196 


-0.008 


-0.023 


0.014 


-0-007 


-0.2002 


0.010 


0.058 


0-080 


0.107 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSANO 
MINUS THE SALINITY VALUES CALCULATED BY ZDLP 
C(35e0150°0) = 42.6896 MILLIMHOS 
PRESSURE IS 5000-0 DECIBARS 


TABLE 9 (a) 


SALINITIES (0700) 


1.927 4.163 90858 156468 206300 254332 306200 354000 404196 
TEMPERATURE | 1-987 £4=*:193 ©.0eq° 7 > ae. he Wbseac ees 
DEGREES CELSIUS 
30-6 0.022 0.031 0-051 0.046 0.036 0.031 0.035 0.038 0.038 
256 0.020 0.025 0.039 0.028 0-015 0.004 02000 -0.001 -0.006 
206 0-020 0.025 0-036 0.026 0.013 Oe 002 © £10004 (00006 0.012 
15. 0.021 0.025 02039 0.029 0.018 0.008 0.004 -0.000 -0.007 
ey 0-023 0-028 0.043 0.038 0.028 0-020 0.015 0.009 0.001 
5. 02024 0-031 0.047 0.043 0.031 0.020 00012. -06001 -0.012 
O« 0.024 0-030 0.042 0.028 0.008 -0.013  -0.036 -0.061 -0.080 
a 0.024 0.029 0-040 0.022 -0.000 -0.024 -0.052 -0.080 -0.101 
-2. 0.023 02027 0.037 00014 -0.012 -0.038 -0.073 -0.10% -0.128 
BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED 8Y FEDEROV 
C(3501500) = 42.896 MILLIMHOS 
PRESSURE IS 0.0 DECIBARS 
TABLE 9(b) 
SALINITIES (0700) 
12927 42163 96858 156468 20.300 254332 306200 352000 404196 
TEMPERATURE a Sala kgh ga a eat yah pil Rt pe, op eee 
DEGREES CELSIUS 
306 0.020 0.027 0.043 0-037 0.028 0-025 02033 0.042 0.049 
25-6 02017 0.019 0.027 06012 -0.002 -0.012 -0-012 -0.007 -0.004 
20. 02016 0.017 0.021 0.006 -0.009 -0.018 -0.020 -02.016 -0.012 
156 02016 0-016 0-021 0.006 -0.007 -0.014 -0.013 -0.009 -0.005 
106 0.018 02017 0.022 0.011 -0.001 -0.005 -0.004 0-000 0.007 
Se 0.018 0.018 0-021 06010 -02.00% -0.012 -0.012 -0.013 -0.005 
06 0.016 0-013 0.008 -0.016 -0.038 -0.056 -0.071 -0.082 -0.078 
=i 0.015 0-011 0.004 -0.025 -06050 -0.071 -0.090 -02103 -0.102 
—2e 0.014 02008 -0.002 -0.036 -0-065 -0.089 -0611% -06130 -04132 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY FEDEROV 

C(3Se15e0) = 426896 MILLIMHOS 

PRESSURE [S 1000-0 DECIBARS 


TEMPERATURE 


—— eS 


DEGREES CELSIUS 


306 


256 


206 


TEMPERATURE 


0.019 


0.015 


02.014 


0-014 


0.014 


02014 


02010 


0.009 


0.008 


0-025 


0.016 


0.012 


Oc011 


O-O011 


0-010 


0-002 


—-0-.001 


-0-004 


24 


TABLE 9(c) 
SALINITIES (0700) 
15-468 20.300 252332 
0.036 02030 0.031 
0-006 —0-006 -0.012 
-0.003 —-0-016 —-0-021 
-0.-005 -0.015 -0.017 
-0.001 -Ge010 -0.008 
—-0-006 -0.017 -0.017 
-02039 -0.058 -0. 068 
-0-050 -0 2072 -0-084 
-02063 -0.089 -0.2105 


302200 35.000 40.196 

0-046 0.062 0.080 
—-0-007 0.006. 0.019 
-0-016 -0.004 0-013 
-0.008 0.007 02026 

0.003 0-021 06 046 
-0.00S 0-010 02040 
-0.069 -0.062 -0-033 
-0.090 -0.085 -0.057 
—O0117 —Oo114 -0.088 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY FEDEROV 
C(3501500) = 42.8566 MILLI MHOS 


PRESSURE IS 2000-0 DECIBARS 


1.927 


CEGREES CELSIUS 


306 


256 


206 


156 


0-022 


0.017 


02-015 


0.014 


0.015 


0.014 


0-009 


0-007 


0-005 


9-858 


0-062 


02036 


0-C26 


0.026 


0.027 


0-023 


0-000 


-0-007 


-02016 


TABLE 9(d) 
SALINITIES €0700) 

15.468 20-300 25.332 302200 35.000 40.196 
0.076 0-091 O.119 02163 Oe214 0.273 
0-038 02.047 0.067 0-104 0-152 0.210 
0.029 0-039 0-063 02103 0-187 0224 
0.032 0.048 0-080 0.131 0-193 02273 
0-040 0.062 0-105 0.165 02239 02336 
0.038 0-063 02110 0-178 0.259 0.373 
0-002 0.021 0.065 02128 Oo211 02337 

-0.2010 0.007 0.048 0.108 0.192 02318 

-0-025 -0-012 0.028 0.083 0.166 0.293 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY FEDEROV 
C€350e15.0) = 42-896 MILLIMHOS 
PRESSURE IS $5000.0 DECIBARS 


25 


TABLE 
SALINITIES 

9-858 152468 20-2300 

0.028 0.033 0-030 

0-022 0-020 02014 

0-025 0.2023 0-016 

0.034 02030 0.024 

0.045 0.043 0.034 

0-056 0-052 02.039 

0-079 02074 0-060 

eeRRES Chek es Perret 
KEKKEE SHECKE Ok Ree 


10 


(0700) 


25-332 


-_—— 


0-022 


0-002 


0-006 


0-014 


0-024 


0.021 


0.037 


eRKEKE 


eeeEEKE 


302200 


0-014 


-0.009 


-0-005 


0.006 


0.013 


0-004 


0-010 


SekeKEKS 


*EKKES 


352000 


eKEERE 


EKEEK 


40-196 


-0.032 


PERKS 


FECREE 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY ACCERBONI-MOSETI 


= 42-902 MILLIMHOS 
0.0 DECIBARS 


1.927 4.163 

TEMPERATURE __ ies 

DEGREES CELSIUS 

30. 0-021 0-025 
25. 0-022 0.024 
20.6 0.025 0.028 
1S. 0.029 0034 
10. 0.034 0-042 
Ss 0.039 0.051 
O« 0.047 0-065 
—le EEREKSE eaeEKE 
—2e EKREKE Cee REE 

C (3501540) 

PRESSURE IS 
1.927 4.163 

TEMPERATURE eas 

DEGREES CELSIUS 

306 0.020 0-020 
256 0.017 0-011 
206 0-016 0.008 
156 0.017 0.008 
10. 0.019 02009 
Ge 0.023 0.017 
O« 02026 0.021 
“le 0.025 0-019 
=e 02024 0.015 


9-858 


0-021 


0-002 


-0.006 


-0-010 


—O«cO11 


0-000 


0.004% 


-0-002 


-0.013 


TABLE 11 
SALINITIFS (0700) 
15468 206300 25.332 
0.027 0.021 0.003 
-0.001 -0.006 -0.020 
-0.009 -06011 -0.017 
-0.014 -0.014%  -0.013 
=00015 -0.015 -0.010 
-0.000 0.002 0.009 
-0.006 -0.009 -0.008 
-0.018 -0.027 -0.031 
-0.039 -0.056 -0.068 


302200 


-0.022 


-0.038 


-0.023 


-0.008 


-0.002 


0.023 


-0-004 


-02034 


-0.081 


BROWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY PRITCHARD 
= 426913 MILLIMHOS 


C(3541520) 
PRESSURE I 


Ss 0-0 DECIBARS 


TABLE 12 
SAL INTERES (0700) 

Lai R27. 42163 92858 15.468 290.300 250332 30-200 35-2000 40.2195 

PRAT: ARIES x nae qreenapemeips =i enalapril Leifer pra iiesiealanipeasagedaahtiedaiadaaadah acta an an a eee 
DEGREF S “CELSIUS 

30.6 0.243 Ce116 =iOie Gia -0-054 =e O92 =O. 1S2 =Oeiaa2 =O 339 -0 483 

256 Lory 24) VES) 0.961 =e LOS -04.157 =O 79 =O 203 Ove 2 al -0 +267 -0.318 

206 02221 0.072 -0-C80 =iO)e 114 =O et PS =O 1:16 = O's hac = Oe hao -0.147 

1S 02236 0.101 si Tener —-0.035 -0.021 —-0-C07 0.002 0.000 —0 014 

106 0-248 0.122 0.017 0.023 02047 0.072 02086 0.087 0.076 

de 0.251 0.2127 0-028 0.041 0.071 0.104 0139 0.140 0.143 

O« 0.248 0.123 0.023 0-040 02.983 02135 02180 0-217 02258 

atte 0.248 02122 0-024 0.043 02091 0-150 02290 02247 O-« 300 

=2e 0.°47 Oe h22 0.027 0.C49 0.102 0.169 02276 02284 0.349 


BRCWN-ALLENTOFT AVERAGE EXPERIMENTAL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS TRE SALINITY VALUES CALCULATED BY WASHINGTON 

C(35915+0) = 42.668 MILLTIMHOS 

PRESSURE 1S O20 DECIEARS 


TABLE 13 


SALINITIES (0700) 


le O27, 4.163 Ge858 15-468 204300 Zea a 390-200 352000 40.196 
renpeRaréng AGUS Be We. Raa ee ae Sate Benes Bee 
DEGREES CELSIUS 

306 C2007 0-015 -0.003 0.004 0.004 0.001 0-002 0-002 02002 
Se 02064 0.017 -0.001 0.004 02005 0.001 -9 e001 -0.-000 92902 
206 02066 0-019 -0.000 0-005 0-006 0.003 0.001 0.002 0.004 
156 0.067 0-019 -0.002 0-002 0.C03 0-001 0-000 0.000 0-000 
10. 0.068 02020 -0.004 0.001 02002 0.002 0.001 0.001 02900 
Se 02069 0-021 -0-004 0-001 02003 0.003 0-005 0.002 0.003 
Oe 0.070 0.022 -0.003 -0.001 0.001 02903 0.002 0-900 0-905 
=e 0.970 0.2022 -0.002 -0.001 0.001 0-004 0-002 0.001 029007 
=—Ze 0.970 02022 -0.CO0l -0-C02 0-001 0-005 0-001 0-001 0.008 


BROWN-ALLENTOFT AVERAGE EXPERIMENT AL SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BROWN 

C(35+15.0) = 42.896 MILLIMHOS 

PRESS URBATIS 0.9 DECISBARS 


27 


TABLE 14 (a) 


SALINITIES (0700) 


402196 


02035 


0.015 


0.011 


02008 


02008 


1.927 4.2163 9.858 152468 20.300 256322 30.200 352090 
TEMPERATURE ala ah a lalla te lt ti on ee 
DEGREES CELSIUS 
306 0.034 -0.031 -0.C61 -0-052 -0.032 -0.-013 -0 2002 0.009 
256 0.038 -0.022 -02048 -02040 -0.023 -02011 -0.005 -0.002 
206 0-040 -0.017 —-0 20406 -0.033 -0.018 -0.007 -0.002 0.000 
15-6 0.039 -0.017 -0.039 -0.033 -0.019 -0.008 -0 003 02090 
10. 0.036 -0.020 -0.043 -0.038 -0.025 -02014 -0.005 02002 
INTERNATIONAL QCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED 8Y PERKIN - WALKER 
C(350150e0) = 426923 MILLIMHOS 
PRESSURE IS 0.0 DECIBARS 
TABLE 14 (b) 
SALINITIES (0700) 
12.927 4.2163 S.858 15-468 20.300 252332 300200 352000 
TENPERATUCNR, "On iad tk coal ne az € * i 
CEGREES CELSIUS 
306 0.035 -0.029 -0.058 -0.04S -0.031 -0-.014 -0.005 0.004 
256 02040 -0.020 —02046 -02040 -0.025 -0.015 -0.012 -C e011 
206 0.041 -—0.016 -0.038 -0.033 -0.021 -0.013 -0.010 -0.010 
156 0-040 -0-015 -0.037 -02033 -0.022 —02014 -O.011 -0-010 
106. 02037 -0-018 -0.041 -0-038 -02028 -0 2020 -0.013 -0.008 
INTERNATIONAL OQCEANGGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 


MINUS THE SALINITY VALUES CALCULATED BY PERKIN — WALKER 


C(3501500) = 4265623 MILLIMHOS 
PRESSURE IS 100060 DECIBARS 
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TABLE 14 (c) 


SALINITIES (0700) 


Lie Dini, 4.163 92&53 15.468 20-2 300 ane S32 30.2200 352000 402196 
TEMPERATURE 
SCEGREES (CELSIUS 


306 0.037 -0.024 = Oe 0 -0-040 -0-020 -0.003 0.007 02016 0.941 
Pde 06342 -0.016 -0.039 =0.031 -0-016 =DieiGO'S -02002 -02001 92014 
206 0.044 —-O0.C1l1 —-0-03C -02023 -0.010 -0.002 0.001 0-001 06911 
156 0-043 -0.010 -0.028 -0.022 -02.010 -0.002 02002 02.004 02013 
10.2 02040 -0.012 =O» QuaiG —0.025 —-Oe014 -0.005 0-003 0.009 0.29128 


INTERNATIONAL CCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS ThE SALINITY VALUES CALCULATED BY PERKIN - WALKER 

C(3591500) = 4269623 MILLIMHOS 

PRESSURE IS 2000.0 DECIBARS 


TABLE 14 (d) 


SALINITIES (0700) 


Le6927 4.163 92858 1Ee¢46E 20+. 300 een se 302200 352000 40.196 


TEMPERATURE 
DEGREES CELSIUS 


306 02050 -02000 92000 0.031 9-065 02096 0.118 02138 0.175 
256 0.055 0-010 0-015 02045 0.075 02.100 Oe117 02130 0.159 
206 0.059 C.C19 O0«C31 06062 02062 0.117 02135 0.150 0.177 
15. 0-060 02024 0.041 0.075 02107 Oe135 0.156 0.176 0.205 
10.6 02960 0027 0-049 0.086 O2o119 0.151 0.180 02207 02241 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS TRE SALINITY VALUES CALCULATED BY PERKIN - WALKER 

C(35015,0) = 42.923 MILLIMHOS 

PRESSURE IS S0CG0.0 DECIBARS 


4s 


TABLE 15 (a) 


SALINITIES (0700) 


1.927 4.163 92858 15.4€8 20-300 254332 302200 352000 402196 
TEMPERATURE a ee ae ee er TT Pere eee oe ee me I Tn I ane oe 
DEGREES CELSIUS 
306 2-159 1-604 00731 02306 02124 0.037 0.007 0-902 -02902 
25-6 1.319 0.919 02334 0-091 02.012 —02.010 -0.004 02006 0-004 
206 12.166 0. &21 02321 Oo114 0.042 056015 0.011 02010 0.001 
156 1.143 0.820 0.348 0.142 02062 02023 0.007 0-000 -0.008 
10. 1.052 0783 0-316 0.125 0.C49 0.012 02000 -0 2000 0.005 
INTERNATIONAL CCEANCGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY ROHDE 
C(35015e¢0) = 42.899 MILL IMHOS 
PRESSURE IS 0-0 DECIBARS 
TABLE 15 (b) 
SALIWITIES €0700) 
1.927 4.163 9.858 15e468 202300 252332 302200 352000 402196 
— ———eeeeEeeEeeeEeee See ee S is 
TEMPERATURE 
DEGREES CELSIUS 
306 20143 1.589 Oe71l7? 02296 Ooll? 02032 02.004 -0-001 702007 
256 12330 0.928 02339 00094 02014 -0-009 —0 0004 0.004 02000 
206 12190 0» 842 02336 0.124 02050 0-020 0.014 02010 —0.002 
1Se 1.169 02843 Ge 365 0-155 O-Cc71 0.028 0-010 0.001 -02010 
106 1.075 0-774 02331 02136 0.056 0.017 02002 0-000 0.004 


INTERNATIONAL CCEANOGRAPHIC TABLE SALINITY VALUES IN 


MINUS THE SALINITY VALUES CALCULATED 8Y ROHDE 
= 42.899 MILLIMHOS 
PRESSURE IS 1000.0 DECIBARS 


C(3501500) 


PARTS PER THOUSAND 


30 


TABLE 


SALINITIES 


20.300 


L5\te) 


(0700) 


252332 


40-196 


1.927 42163 92858 1 

TEMPERATURE 
DEGREES CELSIUS 

306 22126 1-572 Co7C4 

256 1.336 02933 0.341 

206 1.207 0.856 02345 

156 12185 0.858 0-376 

10. 1.088 0.785 0.340 


TEMPERATURE 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN 


0.023 


0.032 


02020 


MINUS THE SALINITY VALUES CALCULATED BY ROHDE 


C(3501500) = 42¢899 MILLIMHO 
PRESSURE IS 2000¢0 DECIS8ARS 


DEGREES CEESTIUS 


306 


256 


206 


15e 


10-6 


1.927 40163 9-858 1 
2e075 1.525 02667 
12331 0.925 02232 
12220 O+« 866 0-350 
12194 02866 0-380 
1.C79 0.778 026336 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER 


Ss 


TABLE 15 (a) 


SALINITIES 


50468 


06262 


0.C8S 


00133 


02.166 


Oo141 


20.2300 


0-096 


0-010 


0-056 


0.079 


0-061 


(O700) 


25<332 


0.021 


—-0-011 


0.024 


0.034 


02020 


MINUS THE SALINITY VALUES CALCULATED BY ROHDE 


C(35915%90) = 426899 MILLIMHO 
PRESSURE IS 5000-0 DECIBARS 


Ss 


PARTS PER THOUSAND 


302200 


-0.002 


—-0-006 


0.014 


0.012 


02004 


35-2000 


—02006 


0.001 


02008 


-02000 


0.001 


THOUSAND 


40.196 


-——— nn nn nnn nna a a a 


-0.017 


-0 007 


-0.009 


—-042014 


02004 
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TABLE 16 (a) 


SALINITIES 


152468 


202300 


(0700) 


252332 


30-2200 


352000 


40.196 


a 


-0.-005 


-0.002 


02000 


-0.001 


-0.-004% 


0-002 


-0.000 


0-002 


0.000 


0-001 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY RIBE - HOWE 


TABLE 16 (b) 


SALINITIES 


156468 


os 


-0.013 


-0.005 


0-003 


0.004 


iWeo27 4.163 9-858 
TEMPERATURE = 
DEGREES CELSIUS 
30. 02403 0.228 0.027 
256 02426 0-250 0-044 
206 00445 0-268 0.059 
156 02454 0.277 0.064 
106 0.442 0.267 0.CS7 
C(3501500) = 426917 MILLIMHOS 
PRESSURE IS 0.0 DECIBARS 
1.927 42163 92858 
TEMPERATURE 
DEGREES CELSIUS 
30. 0.392 0.219 0.024 
256 00412 02240 0-040 
20% 02429 02256 0.052 
156 0.436 0.263 0.057 
10. 02422 0.251 0.049 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER 


-0.003 


202300 


-0-010 


-0.005 


-0-002 


0.003 


-0.008 


(0700) 


25-332 


02000 


-0.001 


-0-000 


-0.002 


-02006 


MINUS THE SALINITY VALUES CALCULATED 8Y RIBE — HOWE 
= 42.917 MILLIMHOS 
PRESSURE IS 1000-0 DECIBARS 


C(35015-40) 


302200 


35-000 


402196 


wee we ae Se ee 


02006 


0-001 


0.001 


-0.001 


-02003 


0.009 


0.001 


0.001 


70.0001 


-0.001 


THOUSAND 


0.013 


0.003 


0.003 


0.000 


02002 
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TABLE 16(c) 


SALINITIES (0700) 


02.016 


0.004 


0-002 


-02001 


1.927 4.163 929858 15.468 20-300 25-332 
TEMPERATURE 
OEGREES CFLSIUS 
306 0.6380 Oe211 0-022 -0.012 -0.006 2005 
256 0.399 02230 0-035 -0.007 -0-005 0-000 
206 0414 02244 0-046 0.000 -0.003 -02000 
156 026418 02249 02050 0-001 -0-004 -02002 
106 0-401 0.235 0.040 -0.006 —-0.2010 -0.006 


TEMPERATURE 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 


MINUS THE SALINITY VALUES CALCULATED BY RIBE — 
C(35e15e0) = 426917 MILLIMHOS 
PRESSURE IS 2000.0 DECIBARS 


TABLE 16(d) 


HOWE 


SALINITIES (0700) 


1.927 42163 92858 152468 202300 2526332 


DEGREES CELSIUS 


30-6 


256 


0-348 02187 0-012 —-02013 -0.-001 2014 
0-361 0-200 02020 —0.012 -0.006 0.002 
0-368 0.208 02028 -0-008 -0 2006 -0.001 
02364 02206 06027 -0.00S -0.008 -0.003 
0-338 0.185 02.015 -0.018 -0.914 -0-006 


INTERNATIONAL OGCEANOGGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 


MINUS THE SALINITY VALUES CALCULATED BY RIBE —- 
C(3501500) = 426917 MILLIMHOS 
PRESSURE IS 5000-0 DECIBARS 


HOWE 


302200 


-02000 


40.196 


INTERNATIONAL CCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
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TABLE 


SALINITIES 


152468 


~0.091 


-0.091 


-0-099 


20.300 


17 (a) 


(0700) 


254332 


MINUS THE SALINITY VALUES CALCULATED BY BENNETT I 
C(350e152e0) = 4269529 MILLIMHOS 
PRESSURE IS 


12-927 
TEMPERATURE 
DEGREES CELSIUS 
306 -0.186 
256 -O00e179 
206 —-00174 
1Se -O00.174% 
10. -0.176 
1.927 
TEMPERATURE 
CEGREES CELSIUS 
306 -02188 
256 —-0.181 
206 -0-178 
1Se -0.178 
106. —-O02.181 


INTERNATIONAL CCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 


4.163 


-02235 
-02223 
& 
-O.217 
-0.217 


-02224 


92858 


-02208 


—-02194 


-0.187 


-02189 


-0-200 


0e0 OECIBARS 


TABLE 17 (b) 


SALINITIES 


152468 


—O5el2i 


-O.112 


—-02107 


—-0.110 


-0e122 


202300 


—-0-058 


-02054 


-02051 


-0.055 


-0.065 


(0700) 


252332 


-0-017 


-02020 


-0-022 


-0.029 


MINUS THE SALINITY VALUES CALCULATED BY BENNETT 1 
C(3501500) = 426929 MILLIMHOS 


PRESSURE IS 1000-0 DECIBARS 


302200 35-2000 


02002 02002 
02002 0-000 
0-001 0-001 


30.200 


ee ee 


-0.000 


-02006 


-0.006 


-0.008 


“0-010 


352000 


40.196 


402196 


we ee = 


02007 


0.000 


0.001 


-0.2000 


0.001 


02016 


0.013 


0.016 


02914 


9-017 
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TABLE 17(c) 


SALINITIES (0700) 


e927, 4.163 9.858 15.468 20. 300 25.332 30200 35.000 40.196 
TEMPERATURE 
DEGREES CELSIUS 
30. -0.190 -0.239 -006215 -0.129 -0.065 -0.023 -0.002 0.010 0.027 
256 -0.184 -0.228 -0.204 -0.124 -0 066 -0.030 -0.012 -0.000 0.021 
2016 -0.181 -0.223 -06199 -0.122 -0.066 -0.033 -0.014  -0.900 0.025 
156 -0.181 -0.225 -0.203 -0.128 -0.073 -0.037 -0.017 -0.001 0.026 
106 -00185 -0.233 -0.217 -0-143  -0.086 -0.047 -0.021 0.001 0.032 
INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BENNETT 1 
C(35015e0) = 426929 MILLIMHOS 
PRESSURE [S 2000.0 DECIBARS 
TABLE 17 (a) 
SALINITIES (0700) 
1.927 4.163 9.858 15.468 20300 254332 30-200 35-2000 400196 
TEMPERATURE FR PRR RAE aE Fig Tete dre ees Yes edsigTn Ag ha amaee e 
DEGREES CELSIUS 
30. -02196 -0.249 -0.235 -0.154  -0.090 -0.043 -0.014 0.011 02046 
256 -0.191 —0.242 -02230 -0.157 -0.100 -0.060 -0 2033 -0.006 0.936 
20. -0.189 -0.239 -0.230 -0.161 -0.107 -06068  -0.038 -0.007 02042 
156 -00191 -0+244 -0.240 -0.174 -0.120 -0.078 -0 2044 -02007 0 2050 
10. -00197 -0.255 -0.261 -0.198 —0 0141 -0.093 -0.051 -0.004 0.065 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BENNETT 1 

C(3501590) = 426929 MILLIMHOS 

PRESSURE IS 5000.0 DECIBARS 


TEMPERATURE 


DEGREES CELSIUS 


306 


256 


206 


156 


10. 


TEMPERATURE 


—-02000 -0.000 
-0.-001 -0.002 
-0.001 —-0.001 
-02000 0-000 

0.000 0.001 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER 


-0.000 


-0.004 


-0.-002 


0-000 


0.002 


TABLE 18 (a) 


SALINITIES 


202300 


(0700) 


252332 


MINUS THE SALINITY VALUES CALCULATED BY zoLP 
C(35e1500) = 42.896 MILLIMHOS 


PRESSURE IS 


1.927 4.163 


DEGREES CELSIUS 


306 


256 


206 


15. 


10. 


-0.2000 -0.000 


-0-001 -0.-002 


-0.001 ~0.001 


-0.-000 0-000 


0-000 0-001 


INTERNATIONAL GCEANCGRAPHIC TABLE SALINITY VALUES IN PARTS PER 


0-0 DECIBARS 


9e&58 


-0.000 


—-02004 


-0-.002 


02000 


0.002 


TABLE 18 (b) 


SALINITIES 


152468 


A SS A A 


—0.000 


-0.007 


—-0.003 


-0-0C0 


0.002 


(0700) 
202300 252332 
—-0-001 -0.001 
-0.008 —-O.011 
-0 2004 —-0 2006 

0-000 -0.000 
0-004 0-005 


MINUS THE SALINITY VALUES CALCULATED BY ZDLP 
C(35015e00) = 42.896 MILLIMHOS 


PRESSURE IS 1000-0 DECIBARS 


302200 


302200 


-0.001 
-02013 
-02006 

0-000 


02006 


THOUSAND 


352000 


-02001 


—-02.016 


-0.008 


0-000 


0-007 


THOUSAND 


402196 


SLE SE SR 


-0.001 


-0.018 


-0.009 


—-0.000 


0.008 
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TABLE 18 (c) 


SALINITIES (0700) 


352000 


THOUSAND 


352000 


40-196 


40.196 


| She Neg 4.163 9.858 152468 20-300 Zaesse 302200 
TEMPERATURE st ee meee > tae Vita wei oe RETIRE oa al 7, 
DEGREES “CEE SEUS 
306 -02000 -0-000 -0-000 -0.000 —-0-001 -0.001 -0-001 
256 -0-001 -0-.002 -02C04 -0.C07 -0.008 —0-.011 Selo es | 
206 -0-2.001 -0.001 -0.002 -0.C03 —-0.004 -0.006 -0-.006 
156 -0.-000 0-000 0-000 -0.-000 0-000 -0.000 0.000 
10. 02000 0-001 0.002 0-003 02.004 02005 0.006 
INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER 
MINUS THE SALINITY VALUES CALCULATED BY ZDLP 
C(35915e0) = 42.8566 MILLIMHOS 
PRESSURE IS 2000.0 DECIBARS 
TABLE 18 (d) 
SALINITIES (0700) 
1.927 42163 92358 15-468 206 300 254332 302200 
TEMPERATURE . nam ita Mi a om * * = bbe ies ney 
DEGREES CELSIUS 
306 -02000 -02000 -020C0 -—0.000 -0.-001 -0.001 -0.001 
256 -0.-001 -0.2002 -0-004 —-0-007 -0.009 —-0.011 -0 2013 
206 -0.001 -0.001 —-0.002 -0.2003 —-02004 -0.006 -0.006 
15-6 -0.000 0-000 0-000 -0.000 0.000 -0.000 0-000 
10. 0-000 0.001 02002 02003 0.004 0-005 0.006 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN 
MINUS THE SALINITY VALUES CALCULATED BY ZDLP 
CC35915e0) = 42.8596 MILLIMHOS 

PRESSURE IS 5000.0 DECISARS 


PARTS PER 


THOUSAND 


SALINITIES (0700) 
1.927 42163 923858 15.468 20.300 25-332 
TEMPERATURE "ce gic lide aac oer: 
DEGREES CELSIUS 
306 02002 0.004 0.C10 0.017 02022 0-027 
256 -0.2000 -0.000 -02000 -0-000 02000 -0.001 
206 -02.000 ~0.001 -0-001 -0.003 -02004 -0.005 
1S. -0.000 0-000 0.000 -0.000 0-000 -0-2000 
10. 0.001 0-001 02002 0.004 0-005 0-006 
INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER 
MINUS THE SALINITY VALUES CALCULATED BY FEDEROV 
C(35e15e0) = 42.896 MILLIMHCS 
PRESSURE IS 0.0 DECIBARS 
TABLE 19(b) 
SALINITIES (0700) 
1.927 42163 92858 152468 202300 254332 
TEMPERATURE lh sc aphatiaieaicids: aaaiiei iia ree web: 
DEGREES CELSIUS 
306 -0.000 0.000 0-003 0-008 0.013 0-021 
256 -0.003 -02.006 -0.013 -O-.01€ -O00.017 -02.016 
206 —02004 -0.008 -O06.017 -0.023 -0-025 -02025 
1S. -0.C05 -0.009 -0.-018 -0.023 -0.-024 -0.023 
10. -0.005 -02010 —-0eC19 —-0.023 -0.023 -02.019 


BY 


TABLE 19 (a) 


INTERNATIONAL GCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER 


MINUS THE SALINITY VALUES CALCULATED BY FEDEROV 
C€C3S5e15¢0) = 42.8566 MILLIMHOS 
PRESSURE IS 1000.0 DECIBARS 


302200 


302200 


02031 
“02.013 
-02021 
-O-017 


92011 


eee ee ee 


352000 40.196 
0.038 0 0044 
-0-001 -0.001 
~02006 0.007 
~02000 -0.000 
0-009 02010 
THOUSAND 
35-000 40 2196 
0.042 0-056 
~-0.007 0.2001 
-0.016 -0.008 
-0.009 0.003 
0.000 0.017 
THOUSAND 
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402196 


TABLE 19(c) 
SALINITIES (0700) 
1.927 ese) 9.858 15.468 202300 25-332 30.200 35.000 
TWHeken TONE CAS. | ou ea ee en eee eae 
DEGREES CELSIUS 
306 = 0001) —On002 0.000 0.007 0.015 02028 0.043 0062 
256 “02005 —<Occ010 =-0.019 —-0.623 =0.021 —0e017 =0.007 0.006 
20: AOA sowie soot aos adie CKO SCseie Seeaer: 
15.6 =Os0607 .=Oc0TS ~0s028. ).-0e084, <0c035. =-0.025 =—O.0fe 0-097 
lo. =0.008 0.016 +-0.031 =G6036 <O0c053° Gewese =04005 0-021 
INTERNATIGNAL CCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY FEDEROV 
C(3501500) = 422896 MILLIMHOS 
PRESSURE IS 2000-0 DECIBARS 
TABLE 19(d) 
SALINITIES (0700) 
reO27 4.163 9.858 Maeva Sasi Saas samme 35.000 
TEMPERATURE a Tees tL, bed tet ae ny fp th SOM cae So ier 2 a r, 
DEGREES CELSIUS 
30-6 0.002 0.005 00021 02047 0076 00115 00161 00214 
Ste -0.004 =~0.006 ~-0.006 02010 0.032 02063 0.103 00152 
Roy “CAO  =SOsGikr Saar 0-001 02023 0.056 0.102 0.157 
Se SAS? “Sasi ~ Sosa 0.003 02030 0.072 00126 02193 
Ove SCG  AGAOHE Senne: 0-006 02040 0.091 02158 0.239 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED 8Y FEDEROV 


C(35015%0) = 422896 MILLIMHOS 
PRESSURE IS 500020 DECIBARS 
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302200 


302200 


-02025 


-0 2039 


02024 


-0-012 


35-2000 


THOUSAND 


352000 


-0.060 


~0.058 


702026 


0-000 


40.196 


402196 


ce ae ee ee ae ee 


0.2105 


-0.079 


-0 2023 


02022 


TABLE 20 
SALINITIES (0700) 
1.927 4.163 9.858 15.468 20.300 25.332 
TEMPERATURE eR ee A A ee we reyes 2 ey 
DEGREES CELSIUS 
30. 06002 -0.002 -0.012 0-004 0.016 0.019 
25-6 92002 -0.001 -0.017 -0.005 -0.001 -0.002 
20. 0.005 0.003 -0.012 ~0.006 0.000 -0.002 
156 0-009 0.009 -0.005 0.001 0.007 0.006 
10. 0.012 0.015 0.004 0.008 0.012 0.010 
INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY. VALUES IN PARTS PER 
MINUS THE SALINITY VALUES CALCULATED BY ACCERBONI-MOSETI 
C(35e15-0) = 42.902 MILLIMHOS 
PRESSURE IS 0.0 DECIBARS 
TABLE 21 
SALINITIES (0700) 
1.927 42163 90858 156468 202300 252332 
TEMPERATURE 
DEGREES CELSIUS 
30. -0.000 -0.008 -0.019 -0.002 0.007 -0.001 
252 —-06003 -0.015 -0.038 -02.029 -0.021 -0 025 
206 00004 -06017 -06044 -0.037 -0.027 -0.024 
150 00004 -0.018 -0.049 -0.043 -0.031 -0-021 
10.  -0.003 -04018 -06052 -0.050 -0.038 -0.025 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES 


MENUS THE SALINITY VALUES CALCULATED BY PRITCHARD 
C(35015e0) = 426913 MILLIMHOS 


PRESSURE IS 0-0 DECIBARS 


-0-009 


[N PARTS PER 


0-013 


THOUSAND 


02047 
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TABLE 22 


SALINITIES (0700) 


1.927 4.163 9.8458 15.468 20-300 ie Soe 302200 352000 40.196 
TEMPERATURE 
DEGREES CELSIUS 
306 02222 0.C&8 =0- 0S! -02083° -0.107 -0.156 —02234 -02338 —-02476 
25-6 02193 0.034 -02145 -0.2186 -02193 =(0's 207 —-0.232 -02267 -0.313 
206 0.199 0-045 —-02119 —006141 —-0e131 -0e123 -O0l21 -02128 -—02142 
1S. 0.213 0.074 -0-.062 —-0-064 -0.038 -0.015 -0-002 02000 -0-006 
10. 02224 0.094 —-02024 =90.012 * 02024 0-057 0-078 0-087 02086 
INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS TRE SALINITY VALUES CALCULATED BY WASHINGTON 
C(3501590) = 4226698 MILLIMHOS 
PRESSURE IS 0-0 DECIBARS 
TABLE 23 
SALINITIES (0700) 
1.927 4.163 92858 15e46€ 202300 256332 302200 352900 40.196 
TEMPERATURE rrr 
DEGREES CELSIUS 
306 02041 =06012 —-02044 -02026 -0-010 —-02002 -0.001 02002 02009 
256 0.043 ~-0.2009 -0 +2040 —02024 -0.009 -0-003 -0.002 -02000 0-007 
206 020045 —02006 —-0.038 —-02023 -02010 -0.004 -0-001 0-002 02009 
1Se Q.045 -0.006 —-02040 -0.027 -0.015 -0.008 -0.004 0-000 02008 
10. 0.045 -0.C08 -02045 —-0.034 -O06C21 -0.012 -0-006 0.001 02010 


INTERNATIONAL OCEANOGRAPHIC TABLE SALINITY VALUES IN PARTS PER THOUSAND 
MINUS THE SALINITY VALUES CALCULATED BY BROWN 

C(35015%0) = 426896 MILLIMHOS 

PRESS URIE SES 020 DECIBARS 
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TABLE 25 


Salinities Computed From Formulae Using Input 


C = 42.80 mmhos cm™!, T = 15.0° C., P = 0 ab 


Perkin-Walker | 084,887 
Rohde 34.910 
Ribe-Howe 34.893 
Bennett 34.882 
Mosetti-Accerboni 34.906 
Pritchard 34.897 
Wash. 351,094 


ZDLP 34.912 
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APPENDIX I 


Fortran IV, double precision, listing of salinity .formulae. 


All routines return values of Salinity (°/,,) given 
values of in situ C (mmho/cm), T(°C.), P(db). Those routines 
using iteratively the pressure correction function BRAD need in 
addition a 'first-guess' value of salinity Feade sakor ‘the 
iterative routines the COMMON variables must be assigned ap- 
propriate values. 


Cte te aycarweh tare ai ways s' 


GO OSGeo Gina 


10 


p 


p 


p 


p 


R 


R 
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DOUBLE PRECISION FUNCTION PERW(TeP.C)d 
RETURNS A SALINITY VALUE GIVEN: 


PRESSURE *P* IN DOBARS 
TEMPERATURE *T* IN DEGREES CELSIUS 
CONDUCTIVITY *C*® IN MMHO/CM 


FORMULA DUE TO PERKINS AND WALKER 


IMPLICIT REAL*8 (A-Hs0-Z) 

DATA P1/32141592653589793D0/ 

CSTO=C/4(1e¢DO0t+P/(42.9436D044+T*( 12567034221 3301 *T 452544302 
*C)) 

C35TO=2 -903916D1 *(1 -DO#T*(2.2.971750—24T *(1255510-4-T 
*7.890-7))) 

RT=CSTO/C35TO 

QRT4PI=PI*(RT+4eD-2)971-203D0 

RO=RT—1 eD-5*¥(62D00+36 8D2*DSINCRT4PI DP FOSIN(Ze-D0#RT4SPI D 
*1265D1 9*¥T*(7677D—-24+T ®(—-4-2-540-4-T*1 -8D-S5S) ) 

IF (RO«GEe4eD-1) GCTtc 10 

PERW=-22166D-1+4R0*(3 2068601 4#R0*5-247D0) 

RETURN 

PER W=—-5 2 933D-1+4RO¥*¥ (322482201 4+RO*32110600) +4 -0-3*DSIN( 2.00% 

RETURN 

END 


DOUBLE PRECISICN FUNCTION RHOW(T Pe Cd 
RETURNS A SALINITY VALUE GIVEN: 


PRESSURE *P*® IN OBARS 
TEMPERATURE *T* IN DEGREES CELSIUS 
CONOUCTIVITY *"C* IN MMHO/CM 


FORMULA DUE TO RIBE AND HOWE 


IMPLICIT REAL*8 (A-H.0-Z) 

R=C/4.2918D1 

RO=66 7652450-1+4T*(22013166D0-2+T*(9.9886590-S+tT 
*(—1 2.94260 2D- 7— T* 6.72451 4D-9))) 

R1=(P*(C1.8993D0-6-P4*5.710-11)9*(1.004+4.498D-4* 
DEXP(2.6515D3/(T+2-273165D02))) 

G=-14274830-2+4+T*(-5 -0C580—-44+T*(—2.4530-6+T*1 .005D0-8) ) 

D=7e31D0-142280-3%*T 

A=3-¢ 389D04+T*(—-2.99D—-2+T*(-1.1620-34+T*2. 50-5)? 

H=—-3 e670-S+T *(-9 .6830-—7+4+T *(—-2.973D-—8+T*# 3.590-10) ) 

RHOW=3 -5D1—-(€CR-RO*(1 -0D0#R1)I/G/(1-D04DR1) 

RHOW=RHOW#( 1 eD04+R1 *€A) ®H*( 3.50 1-RHOW) *#2/7G 

RETURN 

END 


NNNAANAANANH 


ANNANNDAAN 


K 


K 


K 


K 


K 


K 


K 


K 


B 
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DOUBLE PRECISION FUNCTION ROHDE(T.P.C) 
RETURNS A SALINITY VALUE GIVEN: 


PRESSURE *P* IN DBARS 
TEMPERATURE *T* IN DEGREES CELSIUS 
CONDUCTIVITY "C*® IN MMHO/CM 


POLYNOMIAL DUE TO ROHDE AT KIEL 


IMPLICIT REAL*8 (A-H.O-Z) 

ROHDE=( (0 (-4.45520-7¥*T+4+3.287390-5) © T-1.11822D-3)4T 
+#3-¢38455D-2) *T—-1.19646D0 ) *1T+3.62676D1 

C30=C-3-D1 

ROHDE=ROFDE+C30 *( { ((5204960-—7%*T- 3. 580080-5) *T#1.337150-3) 
*T-4.47259D0-2) *T+1 23371100) 

ROHDE=ROHDE +1 «0-3*P*(( (0 -—1245720—-7#T+#2.07850-59*T 

ie —-1.0871 80-3) *T +3 .42670-—2)*T-6.309D-1) 

ROHDE =R OHDE ¢C30* C3 0* (( (-1 01 98B6D—-7#T 46 0 5837D—-6 eT 
—-1-2-92930-4 )#T+3.2844D-3) 

ROH DE=ROHOE+C30 *1 -0-3*P 4 ( (4 .0360-8 4T— 1 .37120-5) eT 
+7 099320—4 }* T—-1 «76910-2) 

ROHDE=ROHDE+1 .0-6*P4#P(( (-6. 1610—-7#*T4+3297 240-5) eT 
—-1.235350-3)*T+4+2 .6942D-2) 

ROHOE=R OHDE + 1 -06430-5*C30*#C30*C30 

ROHDE=ROHDE #C 30 €C30*1.0—-3*P«( ( 120899D—7eT—-4.930-6) eT 
#52425) -5) 

ROHDE=ROHDE+C30*1 .0-6*P#PH( (4. 0650—-7#T—2.5137D-S)¥T 


#5e3360-4 ) 
ROHDE=ROHDE +1 . D—-9*P#PePH( 1.1 160-5*T-4.548D-4) 
RETURN 
ENDO 


DOUBLE PRECISION FUNCTION BENT(TeP.C) 
RETURNS A SALINITY VALUE GIVEN: 


PRESSURE *P* IN OBARS 
TEMPERATURE *T* IN DEGREES CELSIUS 
CONDUCTIVITY *C*® IN MMHO/CM 


FORMULA DUE TO BENNETT 


IMPLICIT REAL*8 (A-H.O-Z) 

X#C/(1.D04(P#(1.60550-54+P8(— 5.3441D—1 04S. 0260-15) ))/ 
€1.D004T*(3.140060-24+T*3.1004D-4) )) 

BENT=(( 52 5230-34 T*(-5.4160-5-T#*501 20-7) (506 360-78#T 
—2 0330-5 PX) ¥X 41 DO PBX 

BENT=B8ENT/(9 -466030-14T*(3.022460-—2¢T #(1.73901D-44T* 
(-1.214250-6—T*1.94210-8)))) 

RETURN 

ENO 


QMO AO G-Guaemeo 
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DOUBLE PRECISION FUNCTION ZDLP(T.P.C.S) 


RETURNS A SALINITY VALUE GIVEN? 


PRESSURE *P* IN OBARS 

TEMPERATURE *T* IN DEGREES CELSIUS 
CONDUCTIVITY *C* IN MMHO/CM 

FIRST GUESS SALINITY *S*® IN 0700 


[TERATIVE FORMULA OUE TO ZDLP. SEVASTOPOL 


IMPLICIT REAL*8 (A-HeJ»0-Z) 
COMMON PERs ERRe Sls Ne Ie EXCEED 

LOGICAL EXCEED 
F(P)=P*(1.0420—-3+P*(-3.39130-8+#P*3.3D-13)) 

GCTI=1-651 9200 +T*( -4 .53020-2+T *( 8 .3089D-4-T*7. 90-6) ) 
H(P)=4eD-4#P*( 2.57 70-5—P*2.492D-9) 

JOT I=1.D04T *( 1 65350-14+T*(82276D-3-T#*1.657D-4) ) 

S1=S : 

f=0 

DELT=T-1.5D1 
RTP=C/(422896D1*( 1 .DO0+DELT*( 2.28649D-2+DEL T*(7 «884D-5 
Zz +DEL T*(-S.704D-—7+DELT*1.664D-8) )))) 

X1=1 e-D-2*(G(T) *F(P D4H(PDRU(T)) 

10 [=I+1 

RT=RITP/C1 oDO#X1*( 1 .D004(6.565D—-3-7.60-5*T) *(325D01-S1))) 
RIS=RT* CL eDO +1 e0-S*{RT=-1 «DO ) HOELT*€( 9 o6 701 tRT#(-762D1#RT 
Z *(3e 73D1-DELT*2.1D0—-1)) #+DEL T*(-6.30-1))) 
ZOLP=—-829960-2+4R15*(2.82972D1 4R 15*( 1228083201 4RIS* 
z (-1.067869D01 #R15*(5 .98624D0-R15 *1.32311D0)))? 
ERR=DA8S( ZOLP-S1) 

IF (ERReLTePER) RETURN 

TF -CTbsCTeN) 260fO2is 

EX CEED=.TRUE. 

RETURN 

15 S$1=ZDtLP 
GOTO 10 
END 


og Te ae hee aes bg a 
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DOUBLE PRECISION FUNCTION FED (T.P,C) 
RETURNS A SALINITY VALUE GIVEN: 
PRESSURE *P* IN DBARS 
TEMPERATURE *T* IN DEGREES CELSIUS 
CONOUCTIVITY *C® [N MMHO/CM 


FORMULA DUE TO FEDEROV 


IMPLICIT REAL*8 CA-H»0-Z) 
CINT = 42289600 


TIS = 15.00 - T 
TI5SQ = T15*T15 


CSTO = C7 (1-000 + P * 1.00-2 * (9.840D-4 # (2.690-5 * T15) + 
( Se1D0-7 * T15SQ))) 


C3STO = CINT* (1.2000 —- 2.2850-2 * T15 + Be1D-5 * ¥15SQ) 
RT = CSTO/C35TO 
RTSQ@ = RT*RT 
DEL1S = 1-00-S * RT * (1.000 -— RT) * TI15 * 
(9-67D1 - 72201 * RT + 3.7301 * RTSQ + 
(6630-1 + 2-e10-1 * RTSQ) * T15) 


R15 = RT + DELIS 


R15SQ = R15*R1I5 
RISFT = R15SQ*R15SQ 


FED = —-829960-2 + 2482972D1 * R15 
+ 1228083201 * R15S0 
-1.067869D1 * RI5SSQ*R15 
+ SeS8624D0 * RISFT 
—- 1-32311 * RISFT * RIS 


RE TURN 
END 


AOA A AAA Oe ah 


NaN 
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DOUBLE PRECISION FUNCTION ACRMAS(T+*P.C,S) 
RETURNS A SALINITY VALUE GIVEN? 


PRESSURE *P* IN CDBARS 

TEMPERATURE *T* IN DEGREES CELSIUS 
CONDUCTIVITY *C® IN MMHO/CM 

FIRST GUESS SALINITY *S* IN 0700 


BRADSHAW —- SCHLEICHER PRESSURE CORRECTION 
FUNCTION *BRAD* USED ITERATIVELY 


FORMULA DUE TO ACCERBONI ANC MOSETTI 


IMPLICIT REAL*8 (A-Hs0-Z) 

COMMON PER» ERRs Sle Neo Ie EXCEED 
LOGICAL EXCEED 

$1=S 

IF (SletTeO0eD0) S1=0.D0 

I=0 

IF (TeGEe0.D0) GoTo 9 


FORMULA CANNOT COMPUTE AN APPROXIMATION WHEN T < 0-20 


5 ACRMAS=5 eD2 
RE TURN 
9 FACT=2 0192300 +1 628420D-1*DEXP( 2.9D-3*T )*T**1 .032D0/( 1.004 
A T**322D-2 ) 
10 [=I+}1 
CSTO=BRAD(CoToPeS1 ) 
ACRMAS=(CSTO/F ACT) *(1eD04S1**1 .2430-1 )*DEXP(9.78D-4%514 
A 1265D0-S5¥*(S1-3.2501)*(T-2.D1)) 
ERR=DABS( ACRMAS—S1 ) 
IF (ERReLTe PER) RETURN 
IF (TeLTeN) GOTO 15 
13 EX CEED=.TRUE. 
RETURN 
15 S1=ACRMAS 
IF (S12GE.0-D0) GOTO 10 
GOTO 5 
ENO 


SR GE eM Ok Ah oh Rite erie kia Nght a; 


10 


i2 
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DOUBLE PRECISION FUNCTION PUCHRD(T ePeCsS) 
RETURNS A SALINITY VALUE GIVEN? 


PRESSURE *P* IN OBARS 

TEMPERATURE "*T* IN DEGREES CELSIUS 
CONDUCTIVITY *C*® IN MMHO/CM 

FIRST GUESS SALINITY *S* IN 0700 


BRADSHAW - SCHLEICHER PRESSURE CORRECTION 
FUNCTION *BRAD* USED ITERATIVELY 


FORMULA OUE TO PRITCHARD 


IMPLICIT REAL*8 (A-H.O-Z) 

COMMON PER»e ERR» Sle Ne Iso EXCEED 

LOGICAL EXCEED 

$1=s 

1=0 

B=1-. 3855D04T* (—-4. 6485668D-24+T*(1 .4887785D-3 
+T*(—-6.30834330-S+T* 
(22514451 70-64T €(—-5 .9600245D-8#+T¥*5.7778085D—-10))))) 

I=1+1 

CSTO=BRAD(CsToPsSi ) 

IF (CSTO.GTe0.D0) GOTO 12 


‘-PUCHRD=5.2D02 


RETURN 
A=3-6996D-1/(CST0**(—-1.07D0 )-7 2 4640-4) 
PUCHRD=1- 80ESSDO*®A*B 
ERR=OASS(PUCHRD-S!1 ) 

IF (ERReLTePER) RETURN 
IF (CLeLTeN) GOTO 15 

EX CEED=.TRUE. 

RETURN 

S1=PUCHRD 

GOTO 10 

END 


AAO OK0.0.0..0, 4.6 
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DOUBLE PRECISION FUNCTION WASH(T»P+CoS) 
RETURNS A SALINITY VALUE GIVEN: 


PRESSURE *P* IN OBARS 

TEMPERATURE "T* IN DEGREES CELSIUS 
CONDUCTIVITY *C* IN MMHO/CM 

FIRST GUESS SALINITY *S*® IN 0/00 


BRADSHAW — SCHLEICHER PRESSURE CORRECTION 
FUNCTION *BRAD* USED ITERATIVELY 


ROUTINE USED AT THE UNIVERSITY OF WASHINGTON (COLLIAS) 


IMPLICIT REAL*8 (A-H.0-Z) 

COMMON PER. ERR». Sle Ne Is EXCEED 

LOGICAL EXCEED 

$1=S 

I=0 

I=I+1 

C1 =BRAD(C eT ePsS1)*120-3 

WASH=—-5 2 05D—-14C1¥*( 12115294D034+C1*3.68006703)4+T#(C1*® 
(—-325142D01-122029102*C1)4T*(8.-6D-1*C14+T#(Ci* 


Ww (—1-. 10-24+C1*4.80-2)))) 


ERR=DABS( WASH-S1) 

IF CERReLTePER) RETURN 
IF (TelLTeNdI GOTO 15 
EXCEED=.eTRUE.e 

RETURN 

S1=WASH 

GOTO 10 

END 


OO OY OOTY OSLO OO ee 
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DOUBLE PRECISION FUNCTION BROWN(T.P.2C.S) 
RETURNS A SALINITY VALUE GIVEN? 


PRESSURE *P* IN DBARS 

TEMPERATURE *T* IN DEGREES CELSIUS 
CONDUCTIVITY *C* IN MMHO/CM 

FIRST GUESS SALINITY *S*® IN 0700 


BRADSHAW — SCHLEICHER PRESSURE CORRECTION 
FUNCTION *BRAD® USED ITERATIVELY 


REFERENCE: 
THE DETERMINATION OF SALINITY FROM CONDUCTIVITY, 
TEMPERATURE AND PRESSURE MEASUREMENTS. 
Je Ee JAEGER» CONFERENCE AND WORKSHOP PROCEEDINGS, 
JANUARY 19735 PLESSY ENVIRONMENTAL SYSTEMS.~ 


IMPLICIT REAL *8(A-H,0O-Z) 

COMMCN PER. ERRs Sls Ne Is EXCEED 

LOGICAL EXCEED 

C€35015.0) = 42.896 

CINT = 42.896D0 

Si= s 

= 0 

10 ae kot tt 
H = 6¢7654668D-1 + 2.0131661D-2*T + 9-98 865850-54T*T 
1 — 12494260150-7*T**3 - 6.7249142D-9%T*%4 
H = 1eD0/H 
CSTO = BRAD(CeT+P.S1) 
RT = (CSTO/CINT) #H 
RIS = RT + (RT — 1)*(1275D0-2eRT - 4-50-3*RT*€RT) 


1 *(-1.D0 # 8.0-2*T — 8.90-4*T#T) 
BROWN = -2e19770-1 + 2.981964D41¥*R15 + 729555400 ¥R1S*R15 
1 —3¢ 8B8602D0FRIS€*€3 + 1.565300 *€RISKH4K — 2e3469D-1¥*R15*€5 


ERR = OABS(BROWN - S1) 
IF (ERReLTePER ) RETURN 
IF (ILTeN 3 GO TO 15 
EXCEED = .TRUE. 
RETURN 

15 Si = BROWN 
GO TO 10 
END 


ATO -OVO- OL Ose Ono 
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DOUBLE PRECISION FUNCTION BRAD(CoTeP oS) 
RETURNS THE VALUE OF CONDUCTIVITY AT (SeTs0) GIVEN: 


THE SALINITY *S* 

THE TEMPERATURE °*T?# 

THE PRESSURE *ps 

THE CONDUCTIVITY *C® AT (SeTeP) 


EQUATION DUE TO BRADSHAW AND SCHLEICHER 


IMPLICIT REAL*8 (A-Z) 

F(CP)=P*(1.2042D-3+4P* (—3.39130-8tP*3.3D-13)) 
G(TI=1eS1L9200 FT *(—-4.53020—-2+T*( 8.3089D—-4—T*7.9D—6) ) 
HOP) =4 .D-44P*( 2.57 70-5 —P*26492D-9) 
JCTI=16D004T*(~1-25350-14T*(8.2760-3-T*1 6570-4) ) 
L(T)=62950-3-T*7.6D-5 


IF (DABS(CP).GTe1-D-5) GOTO 10 

BRAD=C 

RETURN 
FACT=16eD—-2€(G(TI*F(PIFH(PI*I(T)) 

BRAD=C/ (1 eDOtFACT*(1 —DOtL( T)*(3.2.5D1-S))) 
RETURN 

END 
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